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SUMMARY 

The performance of a LycomingYF-102 turbofan engine was measured in an outdoor 
test stand with a bellmouth inlet and seven exhaust-system configurations. The configu- 

rations consisted of three separate-flow systems of various fan and core nozzle sizes 
and four confluent-flow systems of various nozzle sizes and shapes. A Lycoming com- 

puter program provided good estimates of the engine performance and of thrust at max- 
imum rating for each exhaust configuration. The internal performance of two different- 

shaped core nozzles for confluent-flow configurations was determined to be satisfactory. 
Pressure and temperature surveys were made with a traversing probe in the exhaust- 
nozzle flow for some confluent-flow configurations. The survey data at the mixing 

plane, plus the measured flow rates, were used to calculate the static-pressure varia- 

tion along the exhaust-nozzle length. The computed pressures compared well with ex- 

perimental wall static-pressure data. External-flow surveys were made, for some 

confluent-flow configurations, with a large fixed rake at various locations in the exhaust 
plume. 

IN TRO DUC TION 

A s  part of the NASA Quiet Short-Haul Research Aircraft (QSRA) Project, an air- 
plane using the upper-surface-blowing propulsive lift concept has been built. The air- 

plane is shown in figure 1. Its purpose is to conduct flight research into takeoff, ap- 
pro ach, and landing problems. The airplane and its preliminary performance charac- 

teristics are described in references 1 and 2. 
The QSRA is powered by four YF-102 engines manufactured by AVCO Corp. 

Lycoming Division, Stratford, Connecticut. The engines were built for use on the 
Northrup A-9A aircraft. A t  the conclusion of the A-9A program at Edwards A i r  Force 
Base, the YF-102 engines were obtained by NASA. Five of the engines were refur- 
bished at the factory for use on QSRA. A t  the same time, some configuration changes 
(including addition of a core airbleed manifold) were made, as described in reference 3. 

One of these engines was sent to the NASA Lewis Research center to be used in obtain- 
ing test data for designing the QSRA propulsion system and noise suppression treat- 
ment. 

The NASA Lewis test program was planned to measure both the acoustic character- 
istics and the aerodynamic performance of the engine. The results of some of these 

tests a re  reported in references 4 to 6. The tests that assess the steady-state aerody- 



namic engine performance (for no airbleed o r  power extraction) are  reported herein. 
Other tests, not reported, included engine acceleration and deceleration tests with core 
airbleed up to 14 percent of the core inlet airflow. The objectives of the steady-state 

tests were as  follows: 
(1) To gain NASA experience with engine performance and characteris tics 
(2) To test the engine with confluent-flow exhaust systems (few data were then 

available) 
(3) To compare the measured performance with the performance estimated by the 

Lycoming engine-simulation computer program 

(4) To provide design information for the QSRA 
A t  the time the NASA Lewis test  program was begun, the final QSRA configuration 

had not yet been determined. Consequently, both separate-flow and confluent-flow ex- 

haust systems were tested. For convenience, economy, and ease in comparing results, 

the exhaust-system hardware was made up of simple round shapes that had effective 
flow areas in the range of interest for QSRA. All tests were performed with a bell- 
mouth inlet on an outdoor static test stand. Engine performance parameters were mea- 
sured over a full range of power settings. Flow surveys were made inside the engine 
and in the jet exhaust plume. Data are presented in graphs and tables. 

APPARATUS 

Engine 

The Lycoming YF-102 engine (complete designation YF-102-LD-100 (QSRA up- 
dated), Lycoming Model ALF 502A) is a twin-spool turbofan powerplant. Illustrative 
sketches of the engine are shown in figure 2. The core engine consists of a combination 
seven-stage axial and single-stage centrifugal compressor driven by a two-stage axial 
turbine and an external atomizing combustor. An interstage bleed valve (ISBV) vents 
air  from the sixth axial compressor stage, as required, to prevent compressor stall. 

This valve i s  open at low power settings and during rapid thrust transients and is  auto- 
matically closed by a schedule in the fuel control. The front fan and one supercharging 
stage are driven by a two-stage, free coaxial power turbine through a 2.3-to-1 speed- 
reducing gear system. Maximum rating performance at sea-level static conditions with 
ideal inlet and exhaust systems i s  33 360 newtons (7500 lb) thrust (minimum), 7600 rpm 
fan speed (maximum), and 6.2 bypass ratio (nominal). Maximum rating i s  defined by 
the manufacturer as the performance at 1194 K (1690' F) measured gas temperature 
(MGT) o r  at any of several other defined mechanical limits during off-design operation. 

The MGT is the average temperature sensed by 10 thermocouples spaced throughout the 
flow passage at the power turbine inlet. 



Inlet System 

The air inlet system used for all tests, shown in figures 3 and 4, consisted of a 
bellmouth and a transition section supported from the test stand and connected to the en- 
gine by a flexible joint. The bellmouth, previously used in another test program, was 
193 centimeters (76 in.) in diameter at the inlet and had a straight exit section 112 cen- 
timeters (44 in.) in diameter. The transition section reduced the airflow passage to 
101.6 centimeters (40 in.), the diameter of the engine inlet. The flexible joint included 
a soft neoprene seal and prevented transfer of large inlet system loads to the engine. 

Separate-Flow Exhaust Systems 

The separate-flow exhaust systems used for these tests (fig. 3) consisted of a core 

cowling, a core engine nozzle, and a fan nozzle. The core cowling was the same as that 
used on the A-9A airplane, except that i t  was shortened 13 centimeters (5 in.) for cer- 
tain acoustic tests. The cowling was made of stainless-steel skin and frames and was 
mounted in cantilever fashion from a lip on the core engine. 

The basic core nozzle was also the same as that used on the A-9A airplane. It con- 
sisted of a conical steel shell with a short straight section at the exit. A centerbody 
was attached to the shell by six flow-straightening vanes. The nozzle had a geometric 

2 exit area of 1361 square centimeters (210.9 in ). For the smaller-core-nozzle config- 
uration, the basic nozzle was made smaller by adding a conical insert at the aft end. 

2 The smaller nozzle had a geometric exit area of 1163 square centimeters (180.2 in ) . 
The basic fan nozzle was a conical shell mounted from an engine flange aft of the 

frame assembly. The diameter of the basic nozzle was 99.9 centimeters (39.3 in.), 
2 which provided a geometric annular flow area of 3640 square centimeters (564 in ). 

The smaller fan nozzle had the same wall angle as the basic nozzle but was 96.5 centi- 
meters (38.0 in.) in diameter. The smaller fan nozzle provided 3230 square centi- 

2 meters (500 in ) of geometric annular flow area. 
The basic separate-flow configuration (3-1) used the basic fan and core nozzles. 

These nozzles were approximately the sizes recommended by Lycoming for QSRA i f  the 
final design used a separate-flow exhaust system. 

Confluent-Flow Exhaust Systems 

The confluent-flow exhaust systems used for these tests (fig. 4) consisted of a core 
cowling, a core-engine nozzle, and a bypass-flow duct ending in an exhaust nozzle for 

the combined fan and core flows. The two configurations that used the same core nozzle 
are shown in figure 4(a). The core cowling was the same as that used for the separate- 



flow configurations, except that small scoops were installed over the existing ventila- 

tion ports at the forward end to force a i r  into the engine space. Also, a 33-centimeter- 

(13-in.-) long aft skirt was added to the cowling to smooth the flow passage over the 

core nozzle. 

The core nozzle is  intended to diffuse the core flow in order to produce a satisfac- 

tory static-pressure match with the bypass flow at the mixing plane. To this end the 

basic nozzle consisted of a divergent cone attached to the shell of an A-9A core nozzle 

downstream of the straightening vanes. Although this resulted in a long nozzle, it was 

simple to fabricate and was expected to be aerodynamically successful because the flow 

would be fairly uniform before i t  began to diffuse. The exit diameter was 46.35 centime- 
2 

ters  (18.25 in.), and the geometric exit area was 1687 square centimeters (261.5 in ). 

The bypass-flow duct was made of steel extension and adapter spools and included a 

flexible joint near the engine mounting flange. The basic exhaust nozzle had a diameter 

of 78.2 centimeters (30.79 in.), which provided a geometric flow area of 4803 square 
2 centimeters ('744.4 in ). The geometric flow area in the bypass duct at the mixing 

2 plane was 4451 square centimeters (689.9 in ). 

The basic confluent-flow configuration (C-1) used the basic core and exhaust nozzles 

assembled as shown in figure 4(a). The nozzle areas, bypass-flow-duct area, and mix- 

ing length were approximately the same as those used for QSRA performance estimates 

if the final design used a confluent-flow exhaust system. 

The larger exhaust nozzle, also shown in figure 4(a), had the same wall angle as 

the basic exhaust nozzle but had an exit diameter of 83.22 centimeters (32.80 in.), 
2 which provided a geometric flow area of 5453 square centimeters (845.2 in ). The mix- 

ing length of this nozzle was only about half the mixing length of the basic nozzle. 

The other confluent-flow configurations tested are  shown in figure 4@). The core 

cowling was the same as that for the configurations in figure 4(a), except that the aft 

skirt was not used. Two core nozzles are shown. The smaller core nozzle was the 

same as the basic core nozzle for the separate-flow configurations. The other nozzle 

was a short design intended to perform the same as the basic core nozzle. This nozzle 

consisted of a divergent conical outer steel shell with the straightening vanes and cen- 

terbody from the A-9A nozzle. The vanes were extended on both the inner and outer 

ends as required to mate to the new shell. The extensions were shaped and contoured 

by extrapolating the existing vane shape to the new radial length. No flow analyses were 

made to optimize the new vane contour. This nozzle had an exit diameter of 47.23 cen- 

timeters (18.59 in.), which provided a geometric flow area of 1752 square centimeters 
2 (271.5 in ). 

For the configurations shown in figure 4@), the bypass-flow duct was the same as 

that in the basic confluent-flow configuration, except that a shorter adapter was used to 



give the same mixing length. Mixing-plane geometric flow areas and other pertinent in- 

formation are included in the figure. 

Instrumentation and Data Processing 

The instrumentation used to measure engine steady-state performance is  summa- 
rized in table I. The raw data for each test reading consisted of two scans of the com- 
plete instrument list. Most of the instrumentation was sampled once per scan (scan 

duration, -15 sec), but net thrust and fan speed were sampled many times to obtain 
better average values. The raw data were recorded on the Lewis central data system 

and processed on a digital computer with a program specially written for these tests. 

The program averaged and listed the data; corrected results to standard-day tempera- 
ture and pressure; and computed airflows, nozzle coefficients, and other performance 
parameters. The parameters used throughout this report are  summarized in the ap- 
pendix. 

For some tests with the confluent-flow configurations, flow surveys were made with 

a traversing probe mounted from the bypass-flow duct either at the mixing plane (sta- 
tion 16) o r  at station 18. At either station, the probe could be located at the 90' o r  135' 
circumferential position (aft, facing forward). The probe i s  shown in figure 5(a), and 

details of the pressure- and temperature-sensing elements are given in figure 5(b). 
Data from the probe, plus fan speed and probe position, were recorded while the probe 

was traversed slowly from the wall to the engine centerline and back to the wall again. 
The data were processed by a NASA Lewis computer program that collected data into 
"binsft spaced 0.64 centimeter (0.25 in.) apart, averaged like measurements in each 
bin, and then computed flow parameters from the averaged data. Fan speed was the 
grand average of all the fan speed measurements made during the whole traverse. 

For some tests with the confluent-flow configurations, jet plume data were obtained 

with "super-rake. " Super-rake is a large rake containing total-pressure, static- 
pressure, and total-temperature sensing elements mounted horizontally from a cart  at a 
specified distance behind the engine. The super-rake on the mounting car t  and in posi- 
tion for testing i s  shown in figures 6 (a) and (b), and a schematic sketch of the rake is  
shown in figure 6 (c) . The data were processed by a NASA Lewis computer program, 
which averaged two scans of data at each super-rake station and then computed flow pa- 
rameters from the averaged data. 

A t  various places in this report, the data are identified by reading number. A typi- 
cal identification is "007/045. The first number refers to the data-processing compu- 
ter  program, and the number after the slash mark identifies a particular data set. The 
computer program numbers are as follows: 



Program 007 - Engine steady-state performance 
Program 008 - Engine steady-state performance for acoustic tests 

Program 009 - Traversing probe 
Program 010 - Super-rake 

Program 008 was a shortened version of 007 that accounted for removal of some instru- 

mentation rakes for the acoustic tests. 

Test Facility 

All tests were conducted at the Vertical Lift Fan (VLF) Facility at the NASA Lewis 
Research Center. This facility is an outdoor, static engine test stand sheltered by a 
service building that i s  moved away on tracks before testing begins. The engine is 

shown ready for testing in figure 7. The engine was suspended beneath the thrust- 

measuring system, which can be pivoted around a vertical axis for operational conven- 
ience. Frameworks extending from the thrust-measuring system were used to mount 
inlet and exhaust ducts and other hardware separately from the engine. The engine cen- 
terline was 2.9 meters (9.5 ft) above the ground. The control room was about 150 me- 

te rs  (500 ft) from the engine. 

PROCEDURE 

For each configuration, the engine was run over a range of power settings from idle 
to as near 1194 K (1690' F) measured gas temperature (MGT) as feasible. Thus, the 

measured maximum performance depended on the ambient pressure and temperature at  
test time as well as on the configuration. All performance parameters have been cor- 

rected (or "referred") to standard-day ambient conditions so that valid comparisons 
can be made. 

At preselected, corrected fan speeds, the engine was allowed to "steady out1' for 
2 minutes o r  longer. Data were taken when fan speed, which was affected by wind gusts 
and direction changes, was reasonably steady, as  indicated by a strip-chart recorder in 
the control room. For all data, the wind speed was less than 3.6 meters per second 

(8 mph). The aerodynamic performance tests were intermixed with acoustic and other 
tests (e.g., tests reported in refs. 4 and 5). For many configurations and power set- 
tings the data were repeated so that different super-rake positions, traverses, etc., 
could be obtained at approximately the same fan speed. 



RESULTS AND DISCUSSION 

Method of Presentation 

Experimental data. - All the important test results are listed in tables I1 to XIII. 

Typical results a re  also shown in graphical form and discussed in the text. The graphs 
were plotted from information in the tables. Measured and computed parameters, along 

with units, are  summarized and defined in the appendix. 

The engine with the basic confluent-flow configuration (C-1) was chosen as the base- 

line configuration. In this report, the performance of the engine with the other exhaust- 

system configurations generally i s  compared with this baseline. 

Lycoming computer program. - For each configuration, the experimental perform- 
ance i s  compared with the steady-state performance estimated for the same configura- 
tion by AVCO Lycoming program 10.12.113.25. This is an engine synthesis computer 

program usable for a large variety of inlet and exhaust systems over a wide range of 
flight conditions. The turbomachinery maps in the program were modified slightly from 

the standard model ALF 502 maps so they would represent more accurately the known 

performance of the particular engine used for these tests. Program input was as fol- 

lows: 
(1) Standard-day atmosphere: 10.132 ~ / c m ~  (14.696 lb/in2) and 288.2 K (518.7' R) 

(2) No inlet losses 

(3) No power extraction o r  external airbleeds 

(4) One-percent total-pressure loss in the bypass-flow duct, for confluent-flow con- 

figurations only. (This loss input adds to the duct loss (internally programmed) 

that occurs between the fan and the fan-nozzle mounting flange.) 

(5) Effective flow areas and/or exhaust-system performance coefficients deter- 

mined in the NASA Lewis test of that same configuration 

The program output i s  a listing of the estimated performance at power settings from 

idle to maximum rating. Maximum rating i s  determined by reaching 1194 K (1690' F) 
MGT o r  by encountering any of several internally programmed mechanical limits for off- 

design operation. The program indicates when the interstage bleed valve (ISBV) is open 
but does not define a power setting at which i t  just begins to close. 

Engine Performance 

No serious mechanical problems o r  unusual operating behavior were encountered 

with the engine during this test program. 
Basic confluent-flow configuration. - The performance of the engine with the basic 

confluent-flow configuration (C-1) is given in table I1 and in figures 8 to 16. 



The variation of corrected thrust with corrected fan speed is  shown in figure 8. 
The repeatability of the experimental data, which were taken on different test days, is 
very good. A dot-dashed line has been faired through the experimental data and is ussd 
herein as a baseline for comparison with the other configurations tested. The computer 
program provides a good estimate of the performance as shown by the dashed line in the 

figure. The largest difference between measured and estimated thrust, about 400 new- 

tons (90 lb), occurred near maximum fan speed. The closure of the ISBV was not mea- 
sured, but there i s  no reason to believe that it did not operate correctly within the pre- 
dicted speed range. 

The relation between corrected thrust and corrected MGT is shown in figure 9. 

The correction factor, 1/(81) 022, i s  recommended by Lycoming. The estimated MGT 
was reasonably accurate at high power settings, but i t  tended to be greater than mea- 
sured values at lower power settings. The thrust at the maximum performance rating 
for this configuration and for all the other configurations tested i s  discussed near the 

end of this section, Engine Performance. 
The variation of corrected core-compressor speed with corrected fan speed is 

shown in figure 10. This graph shows that the estimated core speed was accurate, ex- 

cept near maximum power. 
The corrected inlet airflow and the bypass ratio are shown as a function of correc- 

ted fan speed in figures 11 and 12, respectively. The measured airflow tended to be a 
little less than the nominal estimate but well within the k3-percent allowable tolerance, 

except near idle power setting. The bypass ratio estimate was accurate at all power 
settings. 

The measured total-pressure loss in the bypass-flow duct i s  shown in figure 13. 

Data from the other confluent-flow configurations tested are  also included. The results 
seem to generalize well; the scatter was probably caused by configuration differences 
and the difficulty in measuring the average station-16 pressure accurately. (Only two 
fixed instrumentation rakes were used; see table I.) The pressure loss indicated by 
these results was approximated by the 1-percent total-pressure loss in the bypass-flow 

duct that was input to the Lycoming computer program. 
The variation in corrected mixing-plane static pressure with corrected fan speed is 

shown in figure 14. The data plotted in this figure are  a weighted average from station-6 
and station-16 static-pressure instrumentation (table I). The data are  in good agree- 
ment with the computer estimates, even though the static pressure measured during 
traverses varied throughout the mixing plane, as shown in detail in the section Internal- 
Flow Survey. 

Figure 15 shows the free-skin temperature at various locations on the core cowling. 

The cowling skin was made from 0.081-centimeter- (0.032-in. -) thick 321 stainless 



steel. The increase in temperature at low fan speed was caused by the warm air vented 

under the cowling by the normal action of the ISBV. 
A s  shown in figure 16, two of the six ventilating air scoops on the core cowling were 

specially instrumented with total-pressure sensing tubes. Although each scoop was in 

the wake of a strut on the fan frame, the pressure of the air  entering the scoops was al- 
ways greater than 92 percent of the fan discharge pressure. 

Shorter-core-nozzle confluent-flow configuration. - Performance of the shorter- 
core-nozzle confluent-flow configuration (C-4) is given in table 111 and in figures 17 

to 20. This configuration was designed to make the overall exhaust system shorter than 
the basic configuration while maintaining the same performance. 

The variation of corrected thrust with corrected fan speed is shown in figure 17. 
The performance was almost identical to that of the basic configuration .(dot-dashed 
line). The computer program provided a good estimate of the performance, as .expec- 
ted, because the flow areas and other program inputs were almost the same. 

The similarity in performance with the basic confluent-flow configuration indicates 
that the basic and shorter-core-nozzle flow characteristics were essentially the same. 
As  a further indication, the wall static pressures measured along the length of each noz- 
zle are shown in figure 18. .The,data are presented as the ratio of wallpressure to me'a- 

sured total pressure at station 5 for various corrected fan speeds. They are plotted 
against nozzle geometric flow area in the plane containing the static-pressure tap. Sim- 
i lar station-5 rakes were used in both nozzles. For each nozzle, the wall pressures 
increased in the flow direction to the exit (except near the six vanes holding the center- 
body). Separation would cause the measured wall pressure to become constant down- 
stream of the separation point. Thus, no flow separation occurred in either nozzle, 
and the desired flow diffusion and static-pressure rise took place effectively. 

The total pressure at the exits of the same two nozzles is given in figure 19. Data 
are presented as the ratio of the measured pressures at stations 6 and 5 and are shown 
as a function of corrected fan speed. The station-6 data were obtained during mixing- 
plane flow surveys, from which the area-weighted average total pressures were compu- 
ted for this figure. The station-5 data were obtained from fixed rakes. However, the 
flow passages were not identical in the two nozzles forward of station 5, so the total- 
pressure losses (not measured in these tests) from the inlet to station 5 could be differ- 
ent. Hence, no direct comparison of losses for the whole nozzles can be made. On the 
basis of the data available, up to 2.5 percent loss was measured at high power setting. 
The basic nozzle appeared to have the greater loss, probably because of its longer 

length. 
The corrected thrust specific fuel consumption for the shorter-core-nozzle 

confluent-flow configuration (C-4) is shown in figure 20. The shape of the curve is con- 
ventional. The best performance was attained at 20 000. newtons (4500 lb) corrected 



thrust and is 0.0105 g fuel/sec N thrust (0.37 lb fuel/hp lb thrust). The computer pro- 
gram estimates the performance very well at all power settings when the ISBVis closed. 
This is the only configuration for which a full se t  of reliable fuel-flow data were ob- 

tained. 
Other confluent-flow configurations. - The performances of the larger-exhaust- 

nozzle confluent-flow configuration (C-5) and the smaller-core-nozzle confluent-flow con- 
figuration (C-6) are given in tables IV and V and figures 21 and 22, respectively. The 
corrected thrust for the larger exhaust nozzle, shown as  a function of corrected fan 
speed in the figure, was significantly less than that for the basic confluent-flow config- 

uration (C-1). The corrected thrust for the smaller core nozzle was a little better than 
that for the basic configuration. The computer program showed trends and estimated 
the performance reasonably well for both configurations. 

Separate-flow configurations. - The performances of the basic separate-flow con- 
figuration (S-1), the smaller-core-nozzle separate-flow configuration (S-3), and the 

smaller-fan-nozzle separate-flow configuration (S-4) are given in tables VI to VIII and 

figures 23 to 25, respectively. As shown in the figures, for each configuration the cor- 
rected thrust at a given corrected fan speed was the same o r  slightly less than that for 

the basic confluent-flow configuration (C-1) . The computer program predicted the direc- 
tion of these trends but did not always accurately predict the magnitude of the changes. 
The largest difference between measured and estimated thrust occurred near maximum 
fan speed for separate-flow configurations S-1 and S-3; for each, the difference was 

900 newtons (200 lb). 
Thrust at maximum performance rating. - For the YF-102 engine the maximum 

rating is  defined as the performance at 1194 K (2150' R, 1690' F) MGT o r  at some 
I 

other limiting mechanical condition in the engine if that condition i s  reached at lesser 
MGT. For each configuration tested, the thrust at maximum rating for standard-day 
static conditions was determined by plotting corrected measured thrust against correc- 

ted measured MGT and reading the curve faired through these data at 1194 K corrected 
MGT (extrapolating, if necessary). Fan speed at maximum rating was found in a simi- 
lar  manner by plotting corrected fan speed against corrected MGT. 

The experimental and estimated thrusts at maximum rating for standard-day static 
conditions for all the configurations tested are  compared in figure 26, On this basis, 

the basic separate-flow configuration (S-1) produced the most thrust. The larger- 
exhaust-nozzle confluent-flow configuration (C-5) was next best, but that maximum 
thrust could be attained only on cold days because limiting mechanical fan speed was 

7600 rpm. The smaller-fan-nozzle separate-flow configuration (S-4) had the next best 
performance; i t  provided about 300 newtons (70 lb) more thrust than the basic confluent- 
flow configuration. The differences in engine performance are attributed to changes in 
the core-fan speed match line caused by nozzle area changes as  well as by differences 



in exhaust-system performance. The range of speed match covered in these tests is 
shown in figure 27. For the same fan speed, the core speed was lowest for the larger- 

exhaust-nozzle confluent-flow configuration (C-5) and was highest for the smaller-core- 
nozzle confluent-flow configuration (C-6). : 

It must be emphasized that the comparisbns discussed herein refer to standard-day 

static performance only, since only outdoor test-stand data were obtained. The choice 

of an exhaust system for a particular application would be based on the performance at 
pertinent flight conditions and altitudes, as  well as on ground performance. 

Internal-Flow Survey 

Internal-flow surveys were made with fixed rakes at station 13.2 and with a travers- 
ing probe at the mixing plane (station 16) and at station 18 for some of the confluent-flow 
configurations. The data are given in tables M to XI and in figures 28 to 30. An index 
of the tabulated data is as  follows: 

In these tables, available data have been averaged, where deemed appropriate, to show 

the most meaningful results. Thus, at stations 16 and 18, data from traverse surveys 
at 90' and 135' circumferential positions have been averaged for the tables, except 
where noted. 

Typical flow-velocity data from the tables have been plotted for the basic confluent- 
flow configuration in figure 28. In the bypass duct the flow velocity was reasonably uni- 
form across the station-13.2 annular area. A t  the mixing plane both the core and by- 
pass flows can be recognized easily. The bypass flow had diffused somewhat at both the 

inner and outer walls, but the main body of the flow had about the same velocity as  that 
at station 13.2. The core flow had a large velocity deficit at its center, probably caused 

Confluent-flow 

configuration 

Basic (C-1) 

Shorter core 

nozzle (C-4) 

Larger exhaust 

nozzle (C-5) 

Table 

W a ) ,  (b), (c) 

m(d), (e), (0 
9 1 ,  ) 
0 )  & )  ) 

X(a), @), (c), (d) 

XI(a), @), (c) 

Data taken at 
stations 

13.2, 16, 18 

13.2, 16, 18 

13-29 16, 18 

13.2, 16, 18 

16 

18 

Approximate fan speed, 

rPm 

38 10 

4580 

57 30 

7260 

3660, 4410, 5500, 6960 

4570, 6460, 7610 



by lower energy flow entering the nozzle from the turbine hub area at this speed, as well 

as by flow losses over the nozzle centerbody. A t  station 18 both flows had expanded to 
greater velocity. They probably had begun to mix because the velocity gradients have 
begun to disappear; however, the percentage of mixing was not computed. 

Tables M to XI show that an appreciable stream static-pressure gradient existed 
in the mixing plane. The magnitude of the gradient i s  shown in figure 29, in which the 
corrected static pressure is shown as a function of the duct radius in the mixing plane. 
The data are for the basic confluent-flow configuration at two corrected fan speeds. In 
this figure, the solid lines denote stream static pressure measured during traverses, 
and the symbols represent such measurements from fixed instrumentation. The static 

pressure increased from the centerline to the bypass duct wall. Most of the variation 

occurred in the core stream, and the increase was greater at high fan speed. 
Wall static pressures were measured at  several stations on the exhaust nozzle wall 

out to the exit. A s  part of the study of the confluent-flow systems, the stream static- 
pressure variation along the length of the exhaust nozzle was computed by the method 
given in reference 7. In this method, the core and bypass flows are  treated as un- 
mixed one-dimensional isentropic confluent flows in which the static pressure i s  uni- 
form in planes normal to the streamlines. These planes were assumed to be normal to 
the nozzle axis for the computations shown herein. A s  shown in figure 29, the condition 

of uniform static pressure was not met exactly, especially in the core flow at high 

speeds. For the computations, the effective areas, flow rates, total pressures, and 
total temperatures measured in performance tests of the same configurations were 
used. 

Results of the theoretical computations are  compared with the experiinental data in 
figure 30 for two configurations and two fan speeds. The theoretical stream static 
pressures compared reasonably well with the measured wall static pressures and were 

always less than the wall pressures, as expected for the converging passage. In the fig- 
ure, experimental data and computed pressures also are  shown for the bypass-flow duct 
upstream (negative downstream distance) of the mixing plane, The pressures were 
computed from isentropic one-dimensional flow relations and the flow coefficient at sta- 
tion 16. Agreement between the computed and measured pressures was not very good, 
probably because the flow coefficient was changing in the upstream duct. 

External- Flow Surveys 

External-flow surveys were made with the super-rake for some of the confluent- 

flow configurations. These data are shown in tables XI1 and XI11 and in figures 31 

and 32. An index of the tabulated data is as follows: 



Typical jet-plume velocity data from the tables, along with data previously shown 

for station 18, are plotted in figure 31. The results show that the jet began to mix and 
dissipate soon after i t  left the nozzle. At 3 meters (10 ft) downstream, the.high-velocity 

core remained, but the res t  of the jet had spread considerably. The jet plume appeared 
to be asymmetric, o r  skewed to the engine centerline. This result appeared consis- 

tently in the external-flow survey data from this engine, but the reason i s  not known. 
Typical super-rake data, in normalized form, are shown in figure 32 for a station 

152 centimeters (5 ft) aft of the exhaust nozzle in the basic confluent-flow configuration. 

This figure shows that the skewed velocity pattern noted in the previous figure is  related 
to the total-pressure, stream-static-pressure, and total-temperature gradients, all of 

which are asymmetric in the measurement plane. Other than asymmetry, the gradients 

seem to be of normal shape and expected magnitude for this type of jet exhaust. 

Confluent-flow 
configuration 

Basic (C-1) 

Larger exhaust 

nozzle (C-5) 

SUMMARY O F  RESULTS 

The Lycoming YF-102 turbofan engine performed satisfactorily with each of the 

seven exhaust-system configurations tested. The three separate-flow systems were the 

basic, the smaller-core-nozzle, and the smaller-fan-nozzle configurations. The four 

confluent-flow configurations were the basic, the shorter-core-nozzle, and the smaller- 

core-nozzle configurations. The most important results of the test program are as 
follows: 

1. An engine-synthesis computer program, supplied by Lycoming, provided good 

estimates of the engine performance and thrust at maximum performance rating for each 
configuration tested. Inputs necessary for the program include bypass-duct pressure 
loss (for confluent-flow configurations) and effective flow areas and/or exhaust-system 

performance coefficients. The largest difference between measured and estimated 
thrust, 900 newtons (200 lb), occurred for the basic separate-flow configuration near 

Table 

XI@) ,  @I, (c) 

X I @ ) ,  (d), (9 
mk), f i l s  0) 

xII(i), fi) 
XIII(a), @), (c) 

Data-plane distance 
from exit, 

c m  

62, 152, 305 

62, 152, 305 

62, 152, 305 

152, 305 

152 

Approximate 
fan speed, 

rpm 

3800 

4580 

5700 

7210 

4580, 6470, 7580 



maximuin power. Performance data for all the configurations tested are given in com- 

prehensive tables. 

2. Two core nozzles for the confluent-flow systems, the basic nozzle and a shorter 
noz-zle of significantly different design, were tested. Bdth gave satisfactory internal 
performance, based on wall static-pressure measurements and overall engine perform- 

ance. 
3. Internal-flow surveys were made, for some of the confluent-flow configurations, 

in the bypass-flow duct and in the exhaust nozzle. No unusual results were noted. The 
wall pressures in the nozzle were estimated satisfactorily by compound compressible 
flow computations. For these computations the flow model is based on the assumption 
of one-dimensional isentropic flow in both the core and bypass streams, with no mixing. 

4. External-flow surveys were made, for some of the confluent-flow configurations, 

with a large fixed rake. The rake data showed that the jet plume was asymmetric - or  
skewed to the engine centerline - but otherwise showed expected pressure, tempera- 
ture, and velocity gradients. 

Lewis Research Center, 
National Aeronautics and Space Administration 

Cleveland, Ohio, June 25, 1979, 

769-02. 



A 
2 2 

geometric flow area (temperature corrected for core nozzles), cm (in ) 

BARO 
2 2 

ambient atmospheric pressure, N/cm (lb/in ) 

C AEXIT for confluent-flow configurations, the sum of the theoretical area re- 

quired for station-16 flow when i t  has expanded isentropically to BARO, 

plus the theoretical area required for station-6 flow when it has expan- 

ded to BARO, all divided by A18, dimensionless 

CDENG core-nozzle discharge coefficient for separate-flow configurations, 

2ye [Ms) k-l)h - 3 (H8) b-l)iY, dimensionless 

CDFAN fan-nozzle discharge coefficient for separate-flow configurations, 

ciimensionless 

CFDUCT flow coefficient for bypass-flow duct at mixing plane for confluent-flow 

configurations, 

dimensionless 

C FENG core-nozzle flow coefficient for confluent-flow configurations, 

W6 -/ af2 r ~ 5 r - l ) ~  - l](,r-l)/Y, dimensionless 
PS6 (A6) R(y - 1) (TT5) PS6 

CVENG core-nozzle velocity coefficient for separate-flow configurations, dimen- 

sionless. (For these tests, CVENG was interpolated from the following: 

PT5/PS8 = 1.0, 1.2, 1.4; CVENG = 0.970, 0.976, 0.981.) 

CVEXIT exhaust-nozzle velocity coefficient for confluent-flow configurations, 

g ~ ~ / [ ~ 1 3 .  2 (VIDFAN) + ~6 (VIDENG)] , dimensionless 

'when numbers follow the symbols A, PS, PT, PW, TT, W, 6, and 8, the num- 

bers refer to stations. 



CVFAN fan-nozzle velocity coefficient for separate-flow configurations, 

FG 

FGENG 

FGKl 

FM 

FPR 

FTR 

HCPR 

H6 

LCPR 

NF 

NFKl 

NG 

NGKl 

[(FG) - ( F G E N G ~ ~ / w ~ ~ .  2 (VIDFAN), dimensionless 

gross thrust, FM + (Inlet momentum from headwind, i f  any), N (lb) 

core-nozzle gross thrust for separate-flow configurations, 

w 8 ( c v E N G l / i +  (PS - BARO)A8, N (lb) 

g 

corrected gross thrust, FG/61, N (lb) 

measured thrust, N (lb) 

fan pressure ratio, PT13.2/PT12, dimensionless. (For these tests, 

assume that PT12 = PT1 = PTO.) 

fan temperature ratio, TT13.2/TT12, dimensionless. (For these tests, 

assume that TT12 = TT1 = TTO . ) 
2 2 acceleration due to vravity, cm/sec (ft/sec ). (For these tests, 

2 2 g = 980.7 cm/sec (32.174 ft/sec ).) 

core-compressor pressure ratio, PT3/PT2.1, dimensionless 

core-nozzle pressure ratio for confluent-flow configurations, PT5/BARO, 

dimensionless 

core-nozzle pressure ratio for separate-flow configurations, PT5/BARO, 

dimensionless 

bypass-flow pressure ratio for confluent-flow configurations, PT16/BARO, 

dimensionless 

supercharger pressure ratio, PT2.1/PTlY dimensionless 

fan speed, rpm 

fan speed corrected to engine inlet conditions, ~ ~ / f i ,  rpm 

core-compressor speed, rpm 

core-compressor speed corrected to engine inlet conditions, 

N G @ ~ ,  rprn 

core-compressor speed corrected to compressor inlet conditions, 

N G ~ ,  rpm 
2 2 static pressure, N/cm (lb/in ) 



VIDENG 

VIDFAN 

core-nozzle exhaust pressure for confluent-flow configurations, 
2 2 N/cm (lb/in ). (For these tests, PS6 was measured by the average of 

exit-plane wall static and lip static instrumentation.) 

core-nozzle exhaust pressure for separate-flow configurations, 
2 N/cm (lb/in2). (For these tests, PS8 was measured by the average of 

exit-plane wall static and lip static instrumentation.) 

core-nozzle exhaust pressure for separate-flow configurations corrected 
2 2 to engine inlet conditions, PS8/61, N/cm (lb/in ) 

mixing-plane static pressure for confluent-flow configurations, 
~ / c m ~  (lb/in2). (For these tests, PS16 = [3(P~16)  + ~ ~ 6 ] / 4 ,  
arbitrarily . ) 

mixing-plane static pressure for confluent-flow configurations, cor- 
2 rected to engine inlet conditions, PS16/61, N/cm (lb/in2) 

2 2 total pressure, N/cm (lb/in ) 

wall static pressure, ~ / c m ~  (lb/in2) 

gas constant, evaluated at appropriate temperature and gas composition, 

J/g K ( f t P ~ ) .  (For these tests, R = 0.2871 J/g K (53.35 f t P ~ )  for a i r  
near ambient temperature .) 

total temperature, K ?R). (For these tests, assume TT1 = TTO.) 

measured gas temperature corrected to engine inlet conditions, 

TT4.1/(81) 10022, K ('R) 

core-nozzle exhaust velocity if flow expanded isentropically to BARO, 

m/sec (ft/sec). (For confluent-flow configurations, 

R T5 (Y-~)/Y VIDENG = ) - (&) ] 
For separate-flow configurations, replace H6 with H8.) 

bypass-flow exhaust velocity if  flow expanded isentropically to BARO, 

m/sec (ft/sec) . (For confluent-flow configurations, 

b - l ) / ~  
VIDF AN = l/agR:yt 21 [. - (i) ] 
For separate-flow configurations, replace H16 with PT13.2/BARO. ) 

gas flow rate, kg/sec (lb/sec) 



WFUEL 

WFUELKl 

WlKl 

fuel flow rate, g/sec (lb/hr) 

fuel flow rate corrected to engine inlet conditions, W F U E L / ( ~ ~ ) ~ ~ ,  

g/sec f l bh r )  

inlet airflow corrected to engine inlet conditions, ~1(+)/61,  

kg/sec (lb/sec) 

core airflow corrected to engine inlet conditions, W2.1(fi)/61, 

kg/sec (lb/sec) 

core airflow corrected to core-compressor inlet conditions, 

W2. I. (@)/62.1, lig/sec (Lb/sec) 

bypass flow rate, W1 - W2.1, kg/sec flb/sec) 

ratio of specific heats, evaluated at appropriate temperature and gas 

composition, dimensionless. (For these tests, y = 1.4 for a i r  near 

ambient temperature. ) 

ratio of pressure to standard-day pressure, dimensionless. (For these 

tests, 61 = 60 = PTh0.132 ~ / c m $  (PTh4.696 lb/in2).) 

ratio of total temperature to standard-day temperature, dimensionless. 

(For these tests, 81 = 80 = TT/288.2 K ( ~ ~ / 5 1 8 . 7 ~  R).) 
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TABLE I. - ENGINE PERFORMANCE INSTRUMENTATION 

anyo  integrating rakes; each rake obtained a single pressure measurement from 10 sampling 

ports spaced across the flow passage. 
b ~ i n g l e  output from 10 thermocouples spaced throughout flow passage, all wired in parallel. 

This measurement is also called measured gas temperature (MGT). 



TABLE 11. - BASIC CONFLLTNT-FLOW CONFIGURATION (C-1) 

[ ~ r e a  a t  station 16. 4451 cm2 (690 in2): exhaust-nozzle area. 4803 rm2  (744 in2): care-nozzle area. 1687 cm2 062  in2)] 

Flex joint-, r YF-102 engine 

Transi t ion section, ', ,' , AIt flex joint and fan duct extension , , 
i ; ' ' , rNozr i e  adapter 

I 
, 

# ,' 
hlodified A-9A core  cowllngJ ,' In.) 

Core nozzle J 

corrected 

to m r e -  
m m p r e s w r  

conditions. 

Reading 

7/046' 
7/04la 
7/048' 

7/04ga 

7/050a 

7/051a 

7/05za 

7 / 0 5 7 ~  

7 / 0 6 6 ~  

1/06ab 

7/070b 

7 / 0 7 2 ~  

Fvel flow Core-nozzle 

rate p res su re  

corrected ro rat io,  

engine M e t  H6 

mnditlona. 
WFUELKl 

Core-mrzle 

exhaust veloclty 

If flow expanded 

isentmpically 
to ambient 

801108pheric 

p res su re ,  
VIDENG 

F w  w e e d  

corrected 

to englne 

Inlet 

coo&tiona. 

NFK1. 

rpm 

2741.2 
3812.9 
4547.1 

5119.4 

6534.9 

6728.8 

7163.9 

4541.1 

6476.5 

1220.7 
3794.5 

5695.9 

Core-nozzle Mixing-plane m a s s - f l o w  m a s s - f l o w  

flow etat ic  p res su re  exhaust 

mefficlent, p re s su re  ratio. velocity If 
CFENG corrected to H16 flow expanded 

englne inlet Isentropically 

conditions, to ambient 
a h n o ~ p h e r i c  

pressure,  

Fan 

p res su re  

ratlo. 
F P R  

1.0522 
1.1028 
1.1526 

1.2569 

1.3529 

1.3889 

1.4427 

1.1499 

1.3455 

1.4422 
1.1035 

1.2557 

Exhaust 

m z z l e  

veloclty 
coefliclent. 

CVEXIT 

Sum of theoretical 

a r e a s  fo r  station-16 

and station-6 flows 

expanded Isentropically 
to amblent atmospheric 

pressure.  divided by 
area a t  station 18. 

Fan 

t e m p e r  

nture 

ratio, 
FTR 

1.0200 
1.0343 
1.0491 

1.0769 

1.1025 
1.1105 

1.1221 

1.0477 

1.0982 

1.1259 

1.0338 

1.0766 

%let a i r  temperature,  293 K ( ~ 2 8 ~  R); barometric  pressure.  9.865 ~ / m '  04.308 psia). 

'~nlet  a l r  t emperabre .  292 K (526' R); barometric  pressure. 9.906 ~ / m '  (l4 368 psia). 

Core  

compressor 

speed cor- 

rected to 
engine 

Inlet 

coodiuons, 

NGK1. 

rpm 

12 896 
14 647 
15 876 

17 349 

18 253 

18 526 

18 914 
15 799 

18 201 

18 915 

14  664 

17 348 

Core  

compresso r  
speed cor- 

rected to 
compressor 

Inlet 
condltlons. 

NGK2.1. 

rpm 

12 705 

14  246 
15 256 

16 376 

16 960 

17 150 

17 376 
15 218 

16 941 

17 403 

14 283 

16 381 

Core 

compressor 
p res su re  

ratlo. 
HCPR 

2.8970 
3.8822 
4.5331 

5.4117 

5.9516 

6.2889 

6.5896 

4.5088 
6.0351 

6.5909 

3.8856 

5.4080 

Super- 

cha rge r  

p res su re  
rat io,  
LCPR 

1.0715 
1.1698 

1.2481 

1.4192 

1.5724 

1.6129 

1.6740 
1.2475 

1.5477 

1.6925 

1.1674 

1.4122 

Measured g a s  
temperature 

corrected to 
engine inlet 

conditions, 

T4.1K1 

K 

707.33 
722.28 
798.72 

946.33 

1066.1 

1110.3 

1167.4 

793.94 
1056.3 

1172.9 

722.61 

942.56 

Corrected g m s s  
thrust. 

EGKl 

OR 

1273.2 
1300.1 
1437.7 

1703.4 

1918.9 

1998.5 

2101.3 

1429.1 
1901.4 

2111.2 
1300.1 

1696.6 

4 069 
7 952.9 

11 570 

19 097 

25791  

28 246 

31 529 

11 516 
25 352 

32 375 
7 996.1 

18 931 

lb 

914.8 
1787.9 
2601.0 

4293.3 

5798.0 

6350.0 

7088.0 

2588.9 
5699.5 

7278.3 

1797.6 

4255.8 

Inlet airflow 
corrected to 
engine inlet 

conditions, 

W l K l  

kg/sec 

43.571 
60.885 
73.513 

93.589 

107.75 

112.33 

118.51 

72.801 

106.79 

119.04 
61.221 

93.199 

Core  airflow 
corrected to 
engine Inlet 

conditions. 

W2.1K1 

lb/sec 

96.058 
134.23 
162.07 

206.33 

237.54 

247.64 

261.27 

160.50 
235.44 

262.43 
134.97 

205.47 

kg/sec 

7.2843 
8.4586 

10.080 

12.684 

14.813 

15.680 

16.505 

10.077 
14.610 

16.838 

8.5475 

12.729 

Ib/sec 

16.059 
18.648 
22.222 

27.964 

32.658 

34.569 

36.388 
22.215 

32.209 

37.121 

18.844 

28.063 



[Area a t  station 16. 4510 cm2 (699 in2); exhaust-nozzle area, 4803 cm2 044 in2); C O ~ ~ M Z Z ~ ~  area, 1752 cm2 ,272 inZ)3  

Flex p i n t 7  r YF-102 engine 

Transi t ion section, ! ,' , Aft flex Joint and fan duct extension , . 

Core nozzle J 

corrected 

to core- 
compreseor 

lnlet 

condltlons. 

W2.IK2.1 

~ e a d i n g ~  

7/250 

7/252 

7/253 
7/255 

7/256 

7/251 

7/258 

7/259 
7/261 
7/263 

7/265 
7/268 

Fuel flow Core-nozzle 
r a t e  p res su re  

corrected to ratio, 
englne Inlet H6 

condltlons. 
WFUELKI 

to m b l e n t  

~ tmoapher l c  

pressure.  

Fan speed 

corrected 
to englne 

inlet 

conditions. 

NFK1, 

r p m  

2944.4 

3791.1 

4527.4 
5653.9 

6467.5 

6822.4 
7196.0 

7426.9 

3764.9 
5702.6 

6839.2 
7450.7 

corrected to 

engine inlet lsentmplcal ly 

conditions. to smblent 

Exhaust 
m z z l e  

veloclty 
coeffbIent, 

CVEXIT 

Fan 
p r e s s w e  

rado.  
F P R  

1.0583 

1.1007 

1.1507 

1.2488 

1.3442 

1.3912 
1.4454 

1.4782 

1,0984 
1.2545 

1.3952 
1.4816 

Sum of theoreticat 
are-  fo r  s tadon-t6 

m d  atanon-6 n o ~ s  
expanded isentroplcdly 

to &lent atmosphertc 

pressure,  divldsd by 
area a t  station 18. 

C AEXIT 

Fan 

t e m p e r  
ature 

ratlo, 

FTR 

1.0212 
1.0328 

1.0475 
1.0745 

1.0981 

1.1093 
1.1252 

1.1328 
1.0316 
1.0751 

1.1113 
1.1344 

7/250 
7/252 

7/253 

1/255 
7/256 
7/257 
7/258 

7/259 

7/261 
7/263 

7/265 

7/288 

Core  

compressa r  
speed cor-  

rected to 
englne 

Inlet 
conditions, 

NGK1. 

r p m  

1 3  379 

14 564 

1 5 7 7 5  
17 217 

18 201 

18574  

18 976 
19 233 

14 529 
17 310 

18 614 
19 272 

a h l e t  a i r  temperature.  271 K (488' R); barometric  pressure.  9.902 ~ / m '  (14.362 psia) .  

1.3636 
7.3396 

8.4218 
9.4579 

10.184 

10.468 
10.850 

11.067 

7.4308 
9.4647 

10.497 

11.131 

Core  

compressor 
speed cor- 
rected to 

compressor 

inlet 

eondltlons. 
NGK2.1. 

r p m  

1 3  161 
14 171 

15 180 
16 249 

16 921 

1 7 1 5 3  

17 392 

17 534 
14 146 
16 328 

17 171 
17 568 

16.234 
16.181 

18.567 
20.851 
22.452 

23.073 
23.918 

24.398 

16.382 
20.866 

23.142 

24.539 

Super- 
cha rge r  

p res su re  
ratlo. 
LCPR 

1.0893 

1.1615 

1.2529 

1.4100 

1.5628 

1.6237 

1.6999 

1.7496 
1.1669 
1.4182 

1.6308 
1.7556 

68.506 
88.379 

123.11 
195.18 
271.32 

317.22 
363.28 

396.26 

86.175 
200.42 

314.50 

399.89 

Core 

compressor 
p res su re  

ratlo. 
HCPR 

3.0951 
3.9000 

4.5063 
5.4001 

5.9572 

6.2735 

6.5195 

6.7863 
3.8283 
5.4084 

6.3116 
6.7799 

543.71 
701.43 

977.10 
1549.1 
2153.4 

2517.1 
2883.2 

3145.0 
683.94 

1590.7 
2496.1 

3173.8 

Meaawed g a s  
temperature 

corrected to 
engine inlet 

condltlona. 

T4.1K1 

1.0367 

1.0609 

1.0897 
1.1517 
1.2186 

1.2632 
1.3107 

1.3419 
1.0601 

1.1547 

1.2669 

1.345 

K 

714.83 
720.11 

792.94 
938.22 

1056.4 
1114.6 

1179.6 

1218.9 
718.39 
943.72 

1119.4 
1226.4 

114.60 375.97 ------- 
145.28 476.64 0.87561 

180.84 593.30 ,93704 
244.23 801.28 ,95678 
302.49 992.41 .99724 
335.92 1102.1 ,95931 
367.68 1206.3 ,97656 
386.49 1268.0 .98808 
143.86 471.99 .89104 

246.96 810.23 .95995 
338.79 1111.5 .95719 

387.10 1210.0 .99243 

Corrected g ross  
thrust. 
FGKl 

OR 

1286.7 
1296.2 

1421.3 
1688.8 

1901.5 
2006.3 

2123.2 

2194.0 
1293.1 

1698.7 
2014.9 

2207.6 

4 122.2 
7 895.6 

1 1 4 8 3  
18 494 

25 551 
28628  

32 307 

34 447 

7 744.4 
18 964 

28 756 
34 368 

' 

Ib 

1061.6 
1775.0 

2581.5 
4157.7 

5744.2 
6435.9 

7263.0 

7144.1 

1741.0 
4263.2 

6464.6 
7726.3 

Met sirflow 
mrrec ted  to 
engine inlet 

conditions, 

W l K l  

kg/sec 

46.842 

61.054 

73.555 
92.619 

107.02 

112.85 
119.39 

122.61 

60.446 
93.408 

113.26 
123.14 

Core  atf low 
corrected to 
e@ns inlet 

mndltlons. 

W2.1K1 

Ib/sec 

103.27 
M . 6 0  

162.16 
204.19 

235.94 

248.79 
283.20 

210.30 

133.26 
205.93 

249.69 
271.47 

kg/sec 

7.8898 

8.2953 

10.154 
12.586 

14.796 
15.693 

16.902 

17.652 

6.4423 
12.662 

15.792 
17.813 

lb/sec 

17.394 

18.286 

22.385 

27.748 

32.620 

34.598 
37.263 

38.915 

18.612 
27.914 

34.816 
39.271 



TABLE N. - LARGER-EXHAUST-NOZZLE CONFLLTNT-FWW CONFIGURATION (C-5) 

[~rea a t  station 16, 4451 cm2 (690 in2); exhaust-nozzle area, 5453 cm2 (845 in2); mre-nozzle area, 1687 cm2 (262 in2)3 

Flex joint7 r YF-102 engine 

Transi t ion section, ! t' ,- Aft flex joint an@ fan duct extensla" , , . . . , , ,  ' ' I r N ~ ~ ~ l e  adapter 
Bellmouth -, I 

1 Exhaust nozzle 

/ ,' , # 

Modified A-9A rare cowling J ,' 
in.) 

Core nozzle 2 

R e d n g  

7 / 1 0 9 ~  
7/110a 

7 / l l l a  

7/112' 
7/113= 

7/114' 
7 / 1 1 5 ~  

s/oslb 
e/05zb 

8/o5Zb 
8 / 0 5 4 ~  

8/ossb 

pressure.  C AEXIT 

Readlng 

7/115= 10.657 23.494 ------- ------- 1.2391 334.30 1096.8 .92561 
8/051b 1.3114 16.132 ------- ------- 1.0439 ------ ------- ------- 
8/05zb 8.2037 18.086 ------- 1.0622 ------ ------- ------- 
8 / 0 5 3 ~  9.3304 20.570 ------- ------- 1.1054 ------ ------- ------- 
8 / 0 5 4 ~  9.9269 21.885 ------- ------- 1,1460 ------- 
8/05sb 10.689 23.566 ------- ------- 1.2367 ------ ------- ------- 2 M e t  a i r  temperature.  291 K 624' R); barometric  pressure.  9.925 ~ / m ~  (14.396 psia). 

Fan speed 

corrected 

to engine 
inlet  

conditions, 

NTK1. 

rpm 

2790.4 
3158.6 

4547.0 

5677.5 
6447.6 

6856.1 

7518.9 
3167.4 
4475.7 

5680.7 

6457.4 
7492.0 

b ~ n l e t  alr temperature.  292 K (525O R ) ;  bammet r l c  pressure. 9.874 ~ / m ~  (14.322 psla). 

Core  Plrflow 
corrected 

to mre- 
compresso r  

inlet 

Fan  
p res su re  

ratlo, 
F P R  

1.0502 
1.0904 

1.1356 

1.2249 
1.3025 

1.3472 

1.4089 
------ 
------ 
------ 

------ 

Fuel flow 

ra t e  
corrected to 
englne inlet 

mnditlons. 

Fan 

temper- 

ature 
ratlo, 

FTR 

1.0187 
1.0307 
1.0439 

1.0683 
1.0899 

1.1024 

1.1247 
------ 
------ 
------ 
------ 
------ 

Core-nozzle 

p res su re  

rat lo,  
H6 

Core  

compresso r  

speed m r -  
reeted to 

engine 

Inlet 

condltlons. 
NGKl, 

rpm 

12 916 

14 426 
15 620 

16 999 
17 804 

18 173 

I8  831  

14 418 
15 617 
17 070 

17 858 

18 780 

Core-mzzle 

exhaust velocity 
If now expanded 

lsentroplcally 

to amblent 

Core  

compresso r  

speed cor- 

rected to 
compressor 

Inlet 

conditions, 

NGK2.1. 

rpm 

12 718 
14 041 
15 031 

16 054 
16 553 

16 755 

17 141 

14 034 
15 048 
16 117 

16 604 

17 082 

C o r e - ~ z z l e  

flow 

coefficient. 
CFENG 

Super- 
cha rge r  

p res su re  
ratlo. 

LCPR 

1.0766 
1.1662 
1.2497 

1.4158 
1.5507 

1.6268 

1.7669 

1.1655 
1.2396 
1.4145 

1.5506 

1.7526 

MMng-plane 

stat ic  

p res su re  
corrected to 
engine inlet 

Core 

compressor 

p res su re  

ratlo. 

HCPR 

2.8971 
3.7878 

4.3550 
5.1783 

5.7261 

5.9755 
6.3658 

3.7848 
4.4032 
5.2127 

5.7440 

6.3464 

Bypass-flow 

p res su re  

ratlo, 
H16 

Measured gas  
temperature 

corrected to 
engine inlet 

eonditlons. 

T4.1K1 

Bypass-flow 
exhaust 

veloclty If 
flow expanded 

I~en tmpica l ly  

K 

699.89 
711.72 

777.67 
910.5 

1014.89 

1070.3 
1162.4 

710.22 
777.50 

915.17 

1020.2 
1157.9 

Corrected g ross  
thrust. 

K K 1  

OR 

1259.8 
1281.1 

1399.8 

1638.9 
1826.8 

1926.5 
2092.3 

1278.4 
1399.5 

1647.3 

1836.3 

2084.3 

Erhauet  

nozzle 

veloclty 
coefficient. 

CVEXIT 

4 168.9 
7 559.3 

11 005 
17 931 

2 3  131 

26 375 
31 928 

7 532.2 
11 025 

18 060 

23600 

31 410 

Sum of theoretical 

a r e a s  fo r  statlon-16 
and statlon-6 flows 

expanded l sedmpica l ly  

to amblent a t m o s ~ h e r i c  

- 
lb 

937.21 
1699.4 

2474.0 

4031.1 
5201.5 

5929.4 
7177.6 

1693.3 
2478.5 

4060.2 

5305.6 

7061.2 

Inlet afrflow 
m r r e c t e d  to 
engine inlet 

conditions, 

W l K l  

kg/aec 

45.351 
62.768 
76.344 

96.116 
109.13 

115.40 
124.93 

63.090 
75.795 

96.818 

110.078 

124.84 

Core  Plrflow 
corrected to 
englne Inlet 

conditions. 

W2.1K1 

Ib/sec 

99.982 
138.38 

168.31 

211.90 
240.58 

254.42 
275.42 

139.09 
167.10 

213.43 

242.68 
275.23 

kg/sec 

7.3750 
8.2962 

9.9096 
12.398 

14.237 

15.230 
17.174 

8.3012 
9.7990 

12.462 

14.312 

17.050 

Ib/sec 

16.259 
18.290 

21.847 
27.333 

31.351 

33.576 
37.863 

18.301 
21.603 
27.473 

31.553 

37.588 



TABLE V. - SMALLER-CORE-NOZZCE CONFLUENT-FUJW CONFIGURATION (C-6) 

[ ~ r e a  a t  statlon 16. 4927 cm2 (164 in2); exhaust-nozzle area. 4803 cm2 (144 in2); core-nozzle area. 1361 cm2 (211 ln2)J 

Flex loant -, r YF-102 englne 

Transition sect ion,  ; , r A f t  flex joint and fan duct extension . , , . 
~ ~ l l ~ ~ ~ t h  - , ' ,' ; r Nozzle adapter 

Vodificd A-9A core cowling 2' , I 
' k 9 1  cm (36 in.) 

Core nozzle 2'' I 

Readlng 

7/241a 
7/24za 

7/243= 

1 / 2 4 4 ~  
7/245= 

7 / ~ 4 6 ~  

7/248' 
7/24ga 

s/180b 

8/181b 
8/183b 

~ / 1 8 4 ~  

a h l e t  a i r  temperature.  279 K (503' R); barnmetric  p res su re ,  9.830 ~ / m '  (14.258 psia). 

b ~ n l e t  a i r  temperature,  295 K (531' R); barometric  p res su re ,  9.807 ~ / m '  (14.224 psia). 

Reading 

7/241a 

7/24za 

7 / ~ 4 3 ~  

7/241= 
7/24ja 

7/24ea 
7/24sa 

7/24ga 

8/150b 

g/181b 

8/184b 

Fan speed 

corrected 
to engine 

Inlet 

condiuons. 
NFK1. 

rpm 

2886.5 
3762.3 

4561.2 

5647.6 
6444.2 

6459.1 
7138.3 
7372.6 

3761.1 

4487.3 

5638.3 

6408.6 

Fan 

p res su re  

ratlo, 
F P R  

1.0562 
1.0953 

1.1436 
1.2382 

1.3252 

1.3279 
1.4187 

1.4484 
------ 
------ 
--.-.- 

------ 

Fan 

temper- 
Mule 

ratlo, 
FTR 

1.0211 
1.0323 

1.0466 
1.0725 

1.0959 

1.0980 

1.1209 
1.1302 
------ 
-.---- 

------ 
------ 

Core  slrflow 

corrected 

to m r e -  
compressor 

Inlet 
conditlons. 

W2.1KZ.l 

kg/sec 

7.179 

7.427 

8.393 
9.509 

10.366 

10.363 
11.022 

11.262 

7,385 
8.3116 

9.4964 
10.230 

Fuel flow 

ra t e  

corrected to 
engine Inlet 
conditions. 
WFL'ELKI 

lb/sec 

15.827 
16.373 

18.504 
20.964 

22.854 

22.846 
21.300 

21.828 

16.281 
18,324 

20.936 
22,554 

Core  

compressor 
speed mr- 
rected to 
engine 

inlet 

conditions, 

NGK1. 

rpm 

13  248 
14 523 

15877 

17 351 
18 295 

18324  
19 113 
19 361 

14 521 

15710  

17 239 

18 191 

Core-nozzle 

p res su re  

ratio. 
H6 

1.0462 

1.0838 
1.1259 

1.2104 
1.2963 

1.3000 
1.4134 

1.4553 
------ 
------ 
------ 
------ 

g/sec 

------- 
------- 
------- 
------- 
------- 
------- 
------- 
------- 

88,812 
121.44 

200.02 
278.99 

Core  

compresso r  
speed cor- 
rected to 

m m p r e s s o r  

inlet 
condltiona. 

NGKZ.1. 

rpm 

13  208 
14 130 

15275  
16 384 

17 009 

17040 
17 548 

17 681 

14 134 

15 135 

16 291 
16 941 

Super- 

charger 
p res su re  

rat lo,  
LCPR 

1.0830 
1.1663 

1.2483 

1.4036 
1.5333 

1.5505 

1.6661 
1.7172 

1.1648 

1.2413 

1.4082 
1.5399 

I b h r  

------- 
------- 
------- 
------- 
------- 
------- 
------- 
------- 

'104.87 
963.19 

1587.5 
2198.4 

Core  

compreseor 
p res su re  

ratlo, 
HCPR 

3.0271 
3.8460 

4.5483 
5.4513 

6.1552 

6.1052 

6.7280 
6.6767 
3.8339 

4.4855 

5.3850 
6.0201 

Core-nozzle 
exhaust velocity 

if flow expanded 
lsentropicnlly 

to ambient 

atmospheric 
pressure,  
VIDENG 

Core-nozzle 

flow 

mefficient, 
CFENG 

1.0768 
.68523 

.go803 

, 9 3 2 4  
,97160 

,97585 
,94806 

.93926 
------- 
---.--- 

------- 
----.-- 

m/sec 

130.01 
172.01 

216.21 

289.82 
354.54 

356.62 
425.99 

444.58 
------ 
------ 
------ 
------ 

W s e c  

426.55 
564.33 

709.36 

950.84 
1163.2 

1170.0 
1397.6 

1458.6 
------ 
------ 
------ 
------ 

Measured gas 
temperature 
corrected to 
engine inlet 
condltlons, 

T4.1K1 

Mixing-plane 
stat lc  

p res su re  
corrected to 
englne inlet 

mnditions, 
PS16K1 

Corrected g ross  

thrust. 

F G K l  

Inlet airflow 
mrrec ted  to 
engine inlet 

mnditions, 

W l K l  

K 

718.61 
723.72 

803.17 
948.83 

1071.22 

1074.33 

1193.78 
1232.94 

725.5 

798.44 

945.56 

1064.2 

Bypass-flow 

p res su re  

r ado ,  
H16 

1.0537 

1.0910 
1.1386 

1.2269 

1.3140 

1.3136 
1.4099 

1.4446 
------ 
------ 
------ 
------ 

~ / c r n ~  

10.348 
10.481 

10.680 

11.098 
11.555 

11.567 
12.080 

12.260 
------ 
------ 
------ 
------ 

4 603.9 
7 870.2 

11838  
18 857 
25 545 

25947 

32 444 
34 443 

7 646.2 

11 390 

18 699 
25 235 

kg/sec 

47.038 
61.729 

75.001 

93.875 
107.28 

108.05 

119.34 
122.75 

61.385 

73.564 

93.195 
106.96 

Core slrflow 
corrected to 
englne inlet 

mndltlona. 

W2.lKl 

OR 

1293.6 
1302.7 

1445.7 
1707.9 

1928.2 

1933.8 

2148.4 
2219.3 

1305.9 
1437.2 

1702.0 
1915.5 

b/h2 

15.009 
15.202 

15.490 

16.096 
16.759 

16.711 
17.521 

11.781 
------ 
------ 
------ 
------ 

Ib 

1035.0 
1769.3 

2661.4 
4239.3 

5742.7 

5833.2 
7293.6 

7143.1 
1763.9 

2560.6 

4203.6 
5673.0 

lb/sec 

103.70 
136.09 

165.35 
206.96 

236.51 

238.20 
263.09 

270.61 
135.33 

162.18 

205.46 
235.81 

k ~ / s e c  

7.646 

8.427 

10.080 
12.603 

14.777 

14.942 

16.860 
11.060 

6.373 
9.9396 

12.637 
14.666 

Ib/sec 

16.856 
18.578 

22.223 

21.185 
32.578 

32.942 

37.170 
38.933 

18.460 

21.913 

27.860 

32.334 

Bypass-flow 
exhaust 

veloclty if 
flow expended 
lsentmplcsl ly 

to ambient 

s tmospberlc 
pressure.  

VlDFAN 

Exhaust 

m z r l e  

velocity 
coefflelent. 

CVEXIT 

0.97641 

.99056 

.99570 

.99069 

.99635 

1.0026 
,99135 

.98311 
------- 
------- 
-- ----- 
------- 

m/eec 

92.513 

119.44 

146.44 
185.18 
2 1 5 . n  

215.15 
242.79 

251.65 
------ 
------ 
---- -- 
---- -- 

Sum of theore lca l  

a r e a s  for station-16 

and station-6 flowa 
-m&d 1santroplc.lly 
to amblent ahnospherlc 

pressure,  mvided by 
a r e a  a t  statlo" 18. 

C AEXIT 

0.95138 

.94007 

.94056 

.94261 

.93897 

.94648 

.53126 

.92499 

- --- - - - 
- -- -- - - 

R/sec 

303.52 

391.67 

480.45 

607.54 
706.27 

705.68 
796.55 

825.63 
------ 
------ 
------ 
------ 



TABLE VI. - BASK SEPARATE-FLOW CONFIGURATION (3-1) 

[Fan-mzrle area, 3640 em2 (564 i f ) ;  core-nozzle area. 1361 em2 411 d)J 

Transltlon section-. .-Flex Joint . 

Core alrllow h e 1  Rovr Cora-nuzzle 
corrected rate pressure 
to w r b  correctedto ratio. 

mmprasaor englw inlet HB 
Inlet condltlona. 

mnditbns. WFUEUCl 
WZ.lK2.1 

- 
g / s s  l b h r  

k g / s s  Ib/sec 

Core-mzzle 
u a a u s t  ve la l ty  
If flow expanded 

tseatroplcally 
to unblent 

ahmapheric 
pressure. 
VIDENG 

m/sec fi/aec I 

I:, I ---- I-- --- ----- 

Fan 
preaaure 

r.tlo. 
ETR 

1.4053 
1.3517 
1.2804 
1.2066 
1.0950 
1.0469 --- --- -- --- --- -- 

Re* 

7/018' 
7/020a 
7/021a 
71022' 
7/023* 
7/024' 
7 / 0 2 6 ~  
7/03lb 
7 / 0 3 3 ~  
8 / 0 2 3 ~  
8 / 0 2 4 ~  
8/03gd 

Corrected gmsa 
tbl.st. 
FGK1 

Coremzzle  Bypaes-flow Fan-nozzle 
exhaust-pressure exhaunt veloclty 

corrected to veloclty If cwfflclent. 
englne inlet flow expanded CVFAN 
condltlons. Isentmpically 

P I K l  to mblent  

N/cm2 lb/ln2 
a+moapheric 

pressure. 
MDFAN 

m/sec I ft/sec 

'wet  a l r  temperature. 302 K (543' R); barnmetric preaaure. 9.834 N/m2 04.263 psla). 
h o t  .I, tempernure. 298 K (553' R)i burometrlo preBsure. 9.917 ~ / m ~  (14.398 pel.). 
'Inlet a i r  temperature, 299 K (539' R); barometric pressure. 9.624 N/m2 04.249 ply, 
%let a l r  temperature. 297 K (534' R); barometric pressure. 9.871 ~ / m '  (14.317 pala). 

Fan 
t e m p e r  
.turn 
ratlo, 
ETR 

1.1190 
1.1038 
1.0844 
1.0844 
1.0332 
1.0186 --- - -- 
- -- 
-- 

Fan speed 
corrected 

to engine 
inlet 

condltlona. 
NFK1. 

rpm 

7136.0 
6786.6 
6048.6 
5267.7 
3794.3 
2724.9 
3867.8 
7226.6 
6423.7 
5576.9 
4453.2 
6905.9 

30 457 
26 665 
21 360 
15 971 
7 419.2 
3 621.8 
7 922.7 

31 078 
24 378 
17 441 
10 745 
28 481 

F s ~ m z z l e  dlachvge 
coefflelent, 

CDFAN 

Super- 
charger 

press- 
rmo.  
LCPR 

1.6768 
1.6191 
1.4695 
1.3468 
1.1643 
1.0715 
1.1728 
1.7000 
1.5406 
1.3916 
1.2361 
1.6316 

Ib 

. 

6846.9 
5994.6 
4801.9 
3590.4 
1667.9 
614.21 

1781.1 

6966.6 
5480.4 
3920.9 
2415.5 
6402.7 

M e t  drilow 
wrrected to 
englne inlet 
mndltlom, 

WlKl 

Corn 
compreamr 
speed wr- 
rected to 
englne 
Inlet 

condltlona. 
NGKI. 

rpm 

18 711 
18 210 
17 421 
16 680 
14 583 
12 813 
14 634 
18 749 
18 002 
17 035 
15 626 
18 445 

kg/sec 

119.85 
112.56 
101.88 
88.650 
61.643 
44.975 
63.421 

120.44 
108.04 
92.515 
73.468 

115.85 

Core Urilow 
corrected to 
englne Inlet 
wndltlona, 
W2. 1x1 

Core 
compressor 

preasure 
matlo. 

HCPR 

6.3593 
5.9433 
5.5850 
5.0534 
3.7816 
2.7918 
3.8895 
6.3230 
5.8618 
5.1558 
4.3506 
6.2164 

Core 
wmpresmr  
speed cor- 
rected to 

wmpreanor 
Inlet 

condltbns. 
NGK2.1. 

rpm 

17 188 
16 837 
16 346 
15 862 
14 183 
12 629 
14 232 
17 166 
16744 
16 112 
15 074 
16 991 

Ib/aec 

264.23 
248.15 
224.61 
195.44 
135.90 
99.153 

139.82 
265.53 
238.16 
203.96 
161.97 
255.40 

kg/sec 

16.223 
15.090 
131249 
11.522 
8.2926 
7.1604 
8.5062 

16.549 
14.321 
12.145 
9.7500 

15.622 

lb/sec 

35.766 
33.267 
29.208 

25.402 
18.262 
15.786 
18.753 

36.484 
31.573 
26.776 
21.495 
34.441 

Meaaured gaa 
temperature 
corrected to 
engtne inlet 
condltlom. 

T4.1K1 

K 

1138.2 
1073.4 
965.50 
885.94 
716.67 
703.06 
724.61 

1142.8 
1033.6 
911.44 
781.26 

1103.8 

OR 

2045.1 
1932.1 
1773.9 
1594.7 
1295.4 
1265.5 
1 9 4 . 3  

2057.0 
1860.4 
1640.6 
1406.3 
1986.8 



TABLE W. - SMALLER-CORE-NOZZLE SEPARATE-FLOW CONFIGVRATION 8 3 )  

[~nn-nozzle area, 3640 em2 (564 in2); mre-mzde area. 1163 cm2 a 8 0  1n2)J 

Transition section? r Flex Joint 

Modified A-9A core cowling, 

Resdlng 

7/231a 
7/232' 
1/234' 
7/235' 
7 / 2 3 8  
7/231a 
11239' 
8/175~ 
8/17eb 
6/17rb 
8/178~ 
8/17gb 

Core-mzzle 
exhaust veloc1,tg 
if now ~ p m d e d  

issntmplcdly 
to ambient 

atmomherlc 

Care airflow 
corrected 
to mre-  

compressor 
Inlet 

conditions. 

Core-nozzle 

discharge 
coefficient. 

CDENG 

Fan speed 
corrected 
to englne 

Inlet 
condtlona. 

NFK1. 

rpm 

3773.6 
4538.1 
5699.6 
6424.6 
6800.2 
7211.3 
7611.9 

3613.4 
4549.2 
5680.4 
6515.6 
7369.2 

pressure. I 

Fuel flow 
rate 

correctedto 
englne Inlet 
conditions. 
WFUELKI 

VIDENG 

F m  
pressure 

ratlo. 
FPR 

1.0948 
1.1416 
1.2392 
1.3194 
1.3813 
1.4119 
1.4487 --- 

Core-nozzle 
pressure 

ratlo. 
H8 

Core-nozzle 

flow 
coeffioient. 

CFENG 

Core-wzde 
edlauat-pressure 

corrected to 
e@ra Inlet 
coIIdlUOM. 

P S K l  

Fan 

t e m p e r  
ature 
rauo. 
FTR 

1.0315 
1.0451 
1.0723 
1.0933 
1.1057 
1.1195 
1.1330 

---- 
---- 

'~nlet a r  temperature. 212 K (490' R); bammetrlc pressure. 9.926 ~ / m '  (14.396 psla). 
'~nlet a l r  tempmature. 287 K (51'1° R); bammchlo pressure. 9.875 ~ / m '  (14.322 pmia). 

Bypnaa-flow 
exhaust 

veloclty If 
flow axpanded 
laentmpicdly 

to amtdent 

Core 
compresmr 
speed mr-  
rected to 
e n m e  
inlet 

condltlona, 
NGKl. 

rpm 

14 517 
15749 
17 274 
18 104 
18 499 
18 896 
19 226 
14 552 
15 762 
17 190 
18 171 
19 046 

Fau-nozzle 

vebcitg 
coefflclent. 

CVFAN 

Core 
compressor 

pressure 
ratio, 
HCPR 

3.8355 
4.4845 
5.3958 
5.9083 
6.2466 
6.4882 
6.6977 
3.8416 
4.4823 
5.3125 
5.9151 
6.6460 

Core 

compressor 
speed cor- 
rected to 

mmpressor 
Inlet 

conditions. 

NGK2.1, 

rpm 

14 127 
15 161 
16 287 
16 851 
17 062 
17 301 
17 456 
14 155 
15 168 
16 226 
16 671 
17 369 

Super- 
charger 

pressure 
ratlo, 
LCPR 

1.1691 
1.2483 
1.4177 
1.5550 
1.6225 
1.7078 
1.7908 
1.1713 
1.2511 
1.4190 
1.5640 
1.7242 

Menaured gas 
temperature 
corrected to 
englne Inlet 
mndltlona. 

TI.  1Kl 

K 

718.56 
790.33 
941.17 

1046.9 
1101.8 
1164.5 
1220.9 
720.61 
792.28 
935.33 

1058.3 
1196.1 

Corrsetsd m a s  

thrust. 
r O K l  

OR 

1293.4 
1422.6 
1694.1 
1884.4 
1982.9 
2096.1 
2197.7 
1297.1 
1426.1 
1683.6 
1904.9 
2153.0 

' 

1176.4 
11 409 
18 858 
24 676 
27 892 
31 558 
34 393 
7 929.9 

11 542 
18 109 
25 527 
32 947 

Ib 

1548.2 
2564.9 
4239.4 
5547.8 
6270.4 
7094.5 
7731.9 
1182.5 
2594.8 
4206.0 
5738.7 
7406.7 

Inlet drflow 
corrected to 
e w e  M e t  
m n d l u o ~ ,  

W1Kl 

kg/sec 

61.675 
74.574 
94.873 

107.98 
114.14 
120.82 
125.21 
62.310 
74.856 
94.497 

109.28 
122.69 

Core .Irilow 
corrected to 
e@ne M e t  
mndltions. 
W2.1Kl 

Lb/sec 

135.97 
164.41 
209.16 
238.06 
251.63 
266.38 
276.04 
137.37 
165.03 
208.33 
240.93 
270.49 

kg/sec 

8.4658 
10.086 
12.679 
14.151 
15.100 
18.886 
17.918 
8.4935 

10.061 
12.764 
14.771 
17.189 

W s e c  

18.684 
22.238 
27.953 
32.520 
34.602 
37.228 
39.634 
18.725 
22.193 
28.130 
32.565 
37.895 



TABLE VtlI. - SMALLER-FAN-NOZZLE SEPARATE-FLOW CONFIGURATION @-4) 

 an-nozzle area. 3230 cmZ (500 in2); core-nozzle area. 1361 em2 (211 in2).] 

T rans i t~on  section- 

hlodified A-9A core c o w l i n g 1  

corrected p res su re  

inlet eondltlons. 
conditions. WFUELKl 

Reading 

7 / 0 a a  
7/03ga 

7/040a 

7/041a 

7/04za 

7/043= 

7/044= 

s/040b 
8/041b 
8/04zb 

a/043b 
8 / 0 4 4 ~  

Core-nozzle 

exhaust veloclty 

If flow expanded 
LSentmplcLllly 

to amblent 

a t m o s ~ h e r i c  

Core-nozzle Core-nozzle Core-nozzle -- coefEclent, coefficient, corrected to 

CDENG CFENG engine lnlet 

condldons. 

CDFAN 

lsentraplcdly 
to Bmblent 

Fan speed 

corrected 
to engine 

Inlet 

conditions. 
NFKl. 

rpm 

7155.7 

6744.3 

6456.2 

5140.6 

4509.4 

3523.8 

2753.4 

7150.2 

6409.5 
5687.0 
4567.0 

3 4 2 . 4  

1 ~'"Ph"'C 
pressure.  

Fan  

p res su re  

ratlo, 
F P R  

1.4663 
1.4117 

1.3585 

1.2688 

1.1585 

1.1084 

1.0544 
------ 
------ 
------ 
------ 
------ 

Fan 
temper- 

ature 

rat lo,  

F T R  

1.1329 
1.-1192 

1.1061 

1.0829 

1.0516 

1.0369 

1.0202 
------ 
------ 
------ 
------ 
------ 

'Inlet a l r  t emperahre .  294 K (529' R); barometric  p res su re ,  9.?39 ~ / m '  04.416 psia) .  
b ~ n l e t  a i r  t emperahre .  293 K (527' R); barornetr lc  pressure. 9.936 ~ / m '  (14 411 psla). 

Core  

compresso r  

speed mr- 
rected to 

engine 

inlet 
condltlona, 

NGKI. 

rpm 

18 911 

18 558 

18 139 

17 326 

15 829 

14 677 

12 903 

18 915 
18 142 
17 321 

15 852 
14 597 

Core  

compressor 
p res su re  

ratlo. 
HCPR 

6.5517 

6.2779 

5.9514 

5.3796 

4.5105 

3.8795 

2.8652 

6.6263 

5.9439 
5.3939 
4.5391 

3.8649 

Core 

compresso r  
speed cor- 

rected to 
mrnpresaor  

inlet 
conditions. 

NGKZ.1. 

rpm 

17 635 
17 147 

16 845 

16 326 

15 234 

14 271 

12 706 

17 3 3  

16 870 
16 334 
15 244 

14 206 

Super- 

cha rge r  

p res su re  
rat lo,  
LCPR 

1.6812 

1.6173 

1.5492 

1.4233 

1.2451 

1.1711 

1.0145 

1.6756 
1.5452 
1.4120 

1.2484 
1.1625 

Measured g a s  
temperature 

corrected to 
englne Inlet 

conditions. 
T4.1K1 

K 

1165.1 

1111.9 

1053.4 

946.89 

798.56 

726.28 

107.39 

1165.7 

1050.4 
945.39 
801.22 

722.44 

Corrected g r o s s  
thrust. 

FGKl 

OR 

2098.2 

2001.4 

1896.1 

1104.4 

1437.4 

1307.3 

1273.3 

2098.3 
1890.8 

1701.7 
1442.2 

1300.4 

' 

31 798 

28 042 

24 784 

18 791 

11 366 

7 953 

4 100 

31 435 
24 509 
18 654 
11 478 

7 696.8 

lb 

7148.4 

6304.1 

5571.6 
4224.3 

2555.2 

1788.0 

921.7 

7066.8 

5509.8 
4193.5 
2580.4 

1730.3 

Inlet airtlow 
corrected to 
engine inlet  

condltlons, 

WiKi  

kg/aec 

115.38 

109.39 

102.89 

90.392 

71.132 

59.607 

43.788 
115.29 

102.91 
90.387 
71.108 

59.021 

Core  airflow 
corrected to 
englne Inlet 

condltlona. 

W2.lKl 

Ib/sec 

254.36 

241.16 
226.84 

199.28 

156.82 

131.41 

96.535 

254.11 
226.87 

199.21 
158.09 
130.12 

kg/sec 

16.590 

15.741 

14.481 

12.715 

10.033 

8.5724 

1.3745 

16.523 

14.497 
12.596 
9.9745 

8.3706 

lb/sec 

36.575 

34.702 

31.927 

28.031 

22.120 

18.899 

16.258 

36.427 

31.961 
21.110 
21.990 

18.454 



TABLE M. - RAKE AND TRAVERSING-PROBE EXHAUST-SYSTEhl FLOW DATA FOR BASIC CONFLUENT-FIDW CONFIGUnATlON (C-I) 

(3) Readings 007/75 and 007/82 averaged; @) Readings 009/13 and 009/20 averaged; data  at  station 16;  fan speed. (c) Readings 009/28 and 009/35 averaged; data  a t  s tat ion 18; fan speed. 

data  at  station 13.2; fan speed. 3315 r p m ;  3802 rpmi inlet air temperature.  291.0 K (523.8' R); ba rome t r i c  3772 rpm; Inlet slr temperature.  281.1 K (516.8' R); ba rome t r i c  

inlet a!r temperature.  291.0 K ( 5 ~ 3 . 9 ~  R); pres su re .  9.9239 N/cm2 (14.394 psia) .  pressure. 9.9780 N/cm2 (14.472 psis) .  

barometr ic  p re s su re .  9.9239 N/cm2 
(11.394 psia) ;  wall s t a t i c  pressure.  

10.304 ~ / c m ~  01 .945  psia); total tem- 
perature.  300.8 K (541.4' R). 

Distance 

from 

hai l .  

PI" 

0.432 

1,270 
2.184 

3.658 
6.071 

9.144 

11.30 

12.75 
13.87 

15.22 

('1) Readings 007/076 and 007/087 averaged; (e) Readings 009/014 and 009/026 averaged; data  at s tat ion 16; fan speed. ( f )  Readings 009/029 and 009/036 averaged; l a t a  at station 18; fan speed, 

data  at  station 13.2; fan speed. 4618 rpm; 4611 rpm; inlet air temperature.  291.2 K (524.1' R); ba rome t r i c  4537 rpm; inlet air temperature,  286.9 K (516.5OR); ba rome t r i c  

inlet air temperature.  290.9 K ~ 2 3 . 7 ~  R); p r e s su re ,  9.9256 N/cm2 04.396 psia) .  p r e s su re ,  9.9180 N/cm2 (14.472 psi?.). 

barometr ic  p re s su re .  9.9256 N/cm2 
(14.396 psla); wall s tat lc  p re s su re .  

10.523 N/rm2 (15.262 psia) ;  total tem- 

perature.  305.3 K (549.5' R). 

Total 

p r e s su re ,  

~ / c m '  

10.778 

10.850 

10,943 

10.975 
10.976 

10.976 

10.986 

10,993 
10.982 

10,510 

Distance 

f rom engine 

center l inc.  

c m  

0.010 

2.550 

5.090 

7.630 

10.18 
12.72 

15.26 

17.80 
20.34 

22.88 

23.51 

25.42 
27.96 

Veioc~ty.  
m/ sec  

116.7 

121.9 

128.7 

134.8 

138.1 

139.6 
139.8 

134.8 

124.2 
121.5 

127.3 

128.7 

128.1 

128.0 

125.9 
115.7 

109.4 

I 30.50 I 10.957 I 1 0 . 2 3  , , I I 
33.04 10.952 10.261 ,3068 105.7 

35.58 10.957 10.261 .3078 106.0 
38.12 10.917 10.264 .2983 102.8 

40.66 10.840 10.263 300.9 ,2807 96.79 

43.20 10.764 10.269 301.2 .2603 89.92 
43.83 10.740 10.269 .2537 87.72 

Stream 

static 

pressure.  
N /c m2 

10.210 

10.210 
10.210 

10.214 

10.219 

10.221 

10.222 
10.235 

10.245 

10.264 

10.269 

10.265 
10.263 

DLstance 

f rom engine 
centerllne, 

c m  

0.040 

2.580 

5.120 

7.660 

10.20 
12.74 

15.28 

17.82 
20.36 

22.90 

25.44 

27.98 

30.52 
33.06 

35.60 

35.14 
38.78 

Total  

p r e s su re ,  

~ / c m '  

10.267 

10.280 

10.320 

10.366 

10.416 

10.472 
10.529 

10.556 

10.523 
10.435 

10.435 

10.709 

10.921 

Mach 

number 

0.2543 

,2756 

,2943 

,3016 

,3018 
.3011 

.3062 

,3056 
,3030 

,2625 

Total 

temperature.  
K 

654.4 

656.4 

659.1 

663.0 
665.3 

669.7 

676.7 

681.9 
676.9 

567.6 

433.4 

320.7 
303.9 

Velocity. 
m / sec  

87.84 

95.10 

101.4 

103.9 
104.0 

104.0 

105.4 

105.2 
104.4 

90.64 

T o t d  

pressure.  
N/cm2 

10,415 

10.445 

10.489 

10.531 
10.557 

10.517 

10.603 
10.649 

10.714 

10.864 
11.028 

11.051 

11.037 
11.025 

10.974 
10.790 

10.705 

hlach 

number 

0.0944 

. I 0 0 3  

,1190 

,1471 

,1674 

. I945  

.2088 
,2133 
. I988 

,1534 

,1502 

,2471 
.2994 

,3074 

Total  

temperature,  
K 

648.4 

653.4 

656.8 

660.3 
656.8 

648.4 

621.2 

532.6 
407.6 

319.9 

294.3 
292.7 

291.6 

291.6 

291.6 
292.7 

292.7 

Stream 

stat ic  

p re s su re ,  
~ / c m '  

10,039 

10.037 

10.036 
10.035 

10.033 

10,034 

10.034 

10.030 
10.024 

10.014 

10.005 
9.9983 

9.9914 
9.9818 

9.9677 

9.9528 

9.9549 

Velocity. 

m / sec  

47.75 

50.78 

fi0.46 
74.77 

85.18 

99.23 

106.2 

109.6 
101.7 

71.92 

61.63 

88.10 
103.7 

105.9 

hlarh 
number 

0.2324 

.2120 

,2550 

,2665 
.2738 

,2786 

,2848 
,2956 

.3108 

,3432 

,3754 

.3808 
,3796 

,3794 

,3130 

.3414 
,3238 



TABLE M. - Concluded. 

(g) Readlngs 001/077 and 007/083 averaged; @) Readlngs 009/015 and 009/021 averaged; da ta  at  s tat ion 16; fan speed, (I) Readings 009/030 and 009/037 averaged; data at  statlon 18; fan speed. 
data a t  station 13.2; fan speed, 5754 rpm; 5760 rpm; inlet alr temperature.  291.1 K (524.0' R); ba rnmet r l c  5696 rpm; inlet-air temperature.  286.8 K (516.1° R); barornetrlc 
inlet alr temperature. 291.1 K (524.0' R); p res su re .  9.9256 N/cm2 (14.396 psi*). pressure.  9.9780 N/cm2 (14.472 psia). 
bammet r i c  pressure,  9.9256 N/cm2 

(14.396 psia); wall s lat lc  pressure.  

10.991 ~ / c r n '  05.941 psla); total tem- 

perature,  313.7 K (564.1°R). 

Mstance 

from 

wall. 

cm 

0.432 

1,270 

2.184 
3.658 

6.071 

9.144 
11.30 

12.15 
13.67 

15.22 

Distance 

frnm englne 

centerline. 

c m  

0.010 

2.550 

5.090 

1.630 

10.18 
12.72 
15.26 

17.80 

20.34 

22.88 

23.51 

25.42 
27.96 

(I) Readings 007/080 and 007/086 averaged; &) Read~ngs  009/018 and 009/025 averaged; data at s tat ion 16; fan speed. (1) Readings 009/033 and 009/040 averaged; data at  station 18; fan speed. 

data a t  station 13.2; fan speed. 7294 rpm;  7282 rpm; inlet a i r  temperature,  291.1 K (524.2' R); barnmetric  7244 rpmi  inlet a i r  temperature.  287.5 K (517.6' H); barnmetrlc  
inlet a i r  temperature. 291.1 K (524.2' R); p res su re ,  9.9273 ~ / c r n ~  (14.398 psla). pressure.  9.9666 N/cm2 (14.470 psia). 
bammet r l c  pressure,  9.9273 ~ / c m ~  

04.398 psia); wall s tat ic  pressure.  
12.036 N/cm2 07.457 psla); total tem- 
perature.  328.0 K (590.4' R).  

Mstance 

f m m  engine 
centerline, 

cm 

0.040 

2.580 

5.120 

7.660 

10.20 
12.74 

15.28 
17.82 

20.36 
22.90 

25.44 
27.98 

30.52 

33.06 

35.60 
38.14 

38.78 

Veloclty. 

m/sec  

132.5 

146.0 

154.1 
155.6 

154.8 

152.5 
152.1 

152.6 

151.1 

135.9 I 12.489 10,890 I .4470 I 155.7 
33.04 12.530 10.892 314.0 .4522 157.4 
35.58 12.545 10.890 314.0 ,4544 158.1 

12.541 10.899 314.1 .4541 158.0 

40.66 12.444 10.893 315.0 .4402 153.6 
43.20 12.135 10.898 315.3 ' .3950 138.4 
43.83 12.048 10.898 315.2 .3812 133.6 

Total 

pressure,  
N/cm2 

12.133 

12.398 

12.571 

12.607 
12.588 

12.538 
12.521 

12.539 

12.507 

12.197 

Total  

p res su re ,  
~ / c m '  

11.006 

10.978 

11.051 

11.270 
11.330 

11.360 
11.512 

11.490 

11.389 

11.317 
11.325 

11.821 

12.339 

Mach 
number 

0.3784 

.4185 
,4424 

.4471 

,4446 

.4378 

.4364 

.4380 

.4336 

,3886 

Stream 

stat lc  

pressure.  

N/cm2 

10,747 

10.742 
10.757 

11.763 

10.785 

10,801 
10.196 
10.812 

10.840 

10.900 

10.907 

10.896 

10.896 

Total 

preseure.  
N/cm2 

11.246 

11.289 

11.392 

11.481 

11.534 
11.536 
11.611 

11.670 

11.635 

12.267 
12.544 

12.630 

12.672 

12.674 
12.581 

12.032 

11.845 

Stream 
stat ic  

pressure.  

N/crn2 

10.137 

10.151 
10.157 

10.156 

10.146 
10.135 

10.134 
10.125 

10.108 

10.079 

10.056 
10.037 

10.016 
9.9876 
9.9463 

9.9024 

9.9160 

Total 

temperature,  
K 

771.1 

774.0 
790.0 

798.1 

793.6 
192.1 
810.3 

811.3 

811.0 

732.4 

549.1 

337.8 
316.6 

314.3 

Velodty. 

m/sec  

211.1 

213.7 

224.2 
233.2 

238.8 

238.7 
234.2 

207.9 

186.4 
188.6 

193.8 

197.1 

198.8 

200.0 
198.7 

181.7 

173.6 

Total  

temperature.  
K 

758.2 
759.3 

774.0 

785.0 

788.4 
719.9 

714.6 
540.8 

392.7 

324.2 

305.6 
304.3 

302.6 

302.6 

302.6 
304.3 

304.3 

Mach 
number 

0,3940 

.3986 
,4147 

,4290 

,4338 

,4404 
.4513 
.4579 

,4802 

,5318 

.5113 

.5827 

.5898 

.5938 

.5895 

,5347 

.5096 

Mach 
number 

0.1885 

. I791  

,2025 
,2604 

,2711 

.2750 

.3110 

.3026 

.2699 
,2527 

.2334 

.3433 

.4253 

Velocity. 

m/sec 

102.5 

97.64 

111.4 
143.3 

148.8 

150.9 
172.2 

168 .3  

150.3 
133.9 

105.8 

124.9 

148.9 



TABLE X. - TRAVERSING-PROBE EXHAUST-SYSTEM FU3W DATA W R  SHORTER-CORE-NOZZLE CONFLUENT-FII)W CONFIGURATION (C-4) 

[ ~ a t a  a t  station 16.1 

(a) Readings 009/054 and009/073 averaged; fan speed. 3658 rpm; lnlet  @) Readings 009/066 and 009/075 averaged; fan speed. 4408 rpm; inlet 

air temperature,  270.8 K (487.5' R); barometric  pressure.  9.8981, air temperature,  270.8 K (487.4' R); barometric  pressure.  9.9022 

~ / c m ~  (14.357 psia). N/cm2 (14.362 psia). 

(c) Readings 009/068 and 009/076 averaged; fan speed, 5498 rpm; inlet 
a i r  temperature. 270.7 K (487.2' R); barometric  pressure,  9.9035 

N/crn2 04.364 psia) 

Distance 

f rom engine 
centerline. 

cm 

0.356 
2.926 

5.466 
6.006 

10.55 

13.09 
15.63 

18.17 

20.71 

23.25 
25.79 

28.33 

30.67 

(d) Readings 009/071 and 009/080 averaged; fan speed. 6960 rpm; inlet 
air temperature. 271.1 K (488.0' R); barometric  pressure.  9.9035 

N/cm2 (l4.364 psia). 

Total 

pressure,  
N/cm2 

10.254 

10,301 

10,327 

10,376 
10,432 
10.470 

10.517 

10.570 

10,586 

10,444 
10.751 

10.796 

10.798 

Distance 

f m m  engine 
centerline. 

c m  

0.386 

2.926 

5.466 

8.006 
10.55 
13.09 

15.63 
18.17 

20.71 

23.25 
25.79 

28.33 

30.67 

33.41 

35.95 

38.49 

41.03 

43.57 
44.20 

Stream 

stat ic  
p res su re ,  

~ / c m ~  

10,228 
10.229 

10.228 
10,227 

10,224 
10,221 

10.221 

10.224 

10.220 

10.243 
10,242 

10,242 

10.242 

Mach 
number 

0,0890 

. lo10 

,1184 
,1455 

.I720 
,1880 

,2047 

,2215 

,2276 

.I679 

.2622 

.2730 

.2734 

Total 
pressure.  

N/cmZ 

10.488 

10.523 

10.557 
10,360 

10,728 
10.773 

10.798 

10.867 

10.909 

10.724 
11.177 

11.257 

11.245 

11.301 

11.389 
11.411 

11.334 

11,055 
10.957 

Total 

temperature,  
K 

607.1 
607.8 

607.9 

610.1 
614.3 
622.8 

633.1 
539.8 

632.4 

500.3 
291.3 

284.5 

283.1 

Velocity, 
m/sec 

43.50 

49.30 

57.76 

71.08 
84.20 
92.61 

101.5 

110.3 

112.7 

74.63 
88.94 

91.48 

91.37 

Stream 

s t adc  
pressure.  

N/cm2 

10.424 
10.420 

10.418 
10.415 

10.415 

10.409 

10,405 

10.410 

10,410 

10.444 
10.436 

10.436 

10.432 

10.429 

10.428 
10.428 

10,430 

10.437 

10.439 

Mach 
number 

0.0941 

,1228 
.I352 

,1729 
,2090 
,2251 

,2342 

.2576 

.2634 

,1954 
.3123 

.3276 

.3258 

.3395 

.3570 

.3611 

.3469 

.2880 

.2640 

Total 
temperature,  

K 

644.0 
647.1 

648.0 
648.4 
651.8 
662.9 

673.9 

678.7 

672.7 

540.2 
297.1 

289.1 

287.8 

286.7 

285.1 

263.9 

284.0 

264.3 
284.3 

Velocity. 
m / s e  

47.31 
61.73 

69.46 
86.82 

105.1 
114.0 

119.4 
131.7 

134.1 

90.28 
106.6 

110.3 

109.4 

113.8 

119.3 
120.4 

115.8 

96.89 

88.60 



[ ~ a t a  a t  statlon 18, 90' position.] 

(a) Reading 009/043; fan speed. 4567 rpm; lnlet a i r  temperature. 290.1 K @) Reading 009/045; fan speed. 6458 rpmi  inlet air temperature. 290.1 K (c) Readlng 009/041; fan speed. 7612 rpm; lnlet a i r  temperature, 289.9 K 
(522.z0 R); barometric  pressure.  9.9187 N/cm2 (14.386 psla). ( 5 ~ 2 . 2 ~  R); barometric  p res su re .  9.9222 N/cm2 (14.391 psla). (521.9' R); barometric pressure.  0.0222 N/cm2 (l4.391 psls). 

Mstance 

f rom engine 
centerl ine 

0.068 
2.808 

5.148 

7.688 

10.23 

12.77 

15.31 

17.85 

20.39 
22.93 

25.41 

28.01 
30.55 

33.09 

35.63 

40.11 

41.34 

Distance 
from engine 

centerl ine 

cm 

0.068 
2.608 

5.148 

7.688 

10.23 

12.77 

15.31 
17.85 
20.39 

22.93 

25.47 

28.01 
30.55 

33.09 
35.63 

38.17 

40.71 
41.34 

Stream 
stat lc  

pressure,  
N/cm2 

10.005 

10.004 

10.001 
10.000 

9.9913 

9.9932 

9.9918 

9.9863 
9.9856 

9.9808 

9.9711 

9.9628 
9.9532 

9.9422 

9.9270 
9.9056 

9.8932 

9.8946 

n s t a n c e  

f rom engine 
centerline 

cm 

0.068 

2.608 

5.148 

1.688 

10.23 

12.77 

15.31 
11.85 

20.39 
22.93 

25.47 

28.01 
30.55 

53.09 

35.63 
38.11 

40.71 
41.34 

Total I Mach I V z F ; ,  ( I temperature,  number 
Velocity. 

m/sec 

93.38 

100.7 
110.5 

122.7 

138.1 

146.8 

152.2 

146.0 

126.0 

135.4 

145.8 
147.1 

146.6 
145.6 

143.4 

135.1 

111.9 
11.47 

Total 
p res su re ,  

N/cm2 

10,891 

11,088 

11.287 

11.251 
11.222 

11.185 

11.327 

11.320 

11.377 
12.022 

12.552 

12.801 

12.888 
12.917 

12.843 

12.469 

11.598 
9.8794 

Total 
temperature,  

K 

681.1 

692.0 

695.2 

700.4 
701.6 

700.2 

695.2 

821.2 

446.2 

334.5 

306.6 

303.8 
303.3 

303.0 

302.9 
303.1 

300.0 
299.2 

Total 
pressure.  

N/cm2 

10,231 

10.263 

10.314 

10,384 

10.490 

10.545 

10.594 
10.607 

10.629 

10.995 

11.275 

11.303 
11.285 

11.255 

11.196 

11,019 
10.647 

9,9022 

Total 
p res su re ,  

N/cm2 

11.498 

11.848 

12.130 

12.306 
12.150 

11.879 

11.806 
11,920 

12.254 
12.611 

13.442 

13.159 
13.932 

13.917 

13.846 

13.452 

12.377 
9.8842 

Mach 
number 

0.18178 
,19469 

,21336 
.23639 

,26735 

.28334 

.29503 

.29827 

.30156 

.37480 

,42294 

.42879 
,42770 

,42495 

.41844 

.39328 

,32574 

,03311 

Stream 
stat lc  

p res su re ,  
N/cm2 

10.154 

10.173 

10.198 
10.190 

10.159 

10.129 

10.129 

10.145 
10.154 

10.162 

10.129 

10.094 
10.062 

10.028 

9.9684 
9.8828 

9.8105 

9.8038 

Stream 
stat ic  

preseure.  
N / c ~ '  

10.092 

10.101 

10.116 
10.126 

10,110 

10,082 

10,062 
10,068 

10.092 

10.076 

10.052 

10.030 
10.009 

9.9858 
9.9456 

9.8884 

9.8594 
9.8587 

Total 

temperature,  
K 

803.7 
813.8 

824.5 
828.4 

832.9 

816.4 

768.9 

659.7 

526.4 
386.7 

323.9 

318.7 

317.0 
318.6 

318.9 

318.2 

309.5 
309.3 

Mach 
number 

0,33886 

,37527 

,40159 
.39973 

.39790 

.39639 

.42287 

.41842 
,42057 

,50943 

,57284 

,60120 

,61237 
,81812 

.GI598 
,58563 

,48757 

.05478 

Velocity, 

m/sec  

186.6 

207.4 

226.2 

222.4 
222.0 

219.1 

226.9 

209.1 

188.8 

190.4 

200.1 

207.6 
210.7 
212.4 

211.8 

202.5 

161.9 
19.27 



TABLE XU. - SUPER-RAKE J E T  PLUnlE DATA FOR BASIC CONFLUENT-FWW CONFIGURATION (C-I) 

(a) Reading 010/016; data  a t  62 c m  0 . 0  ft) af t  of atation 18; fan speed, (b) Reading 010/009; data  at  152 c m  (5.0 ft) aft of s tat ion 18; fan speed, (c) Reading 010/002; data  at  305 r m  (10.0 It) aft of s tat ion 18; fan speed. 
3822 rpmi inlet  a i r  temperature.  291.6 K (524.9' R); ba rome t r i c  3801 rpm; inlet  a i r  temperature.  292.0 K (525.6' R); barometr ic  3744 rpm; inlet  a i r  temperature.  283.4 K (528.1° R); ba rome t r i c  
p re s su re .  9.9084 ~ / c m '  (14.371 psla). p r e s su re ,  9.9049 N/cm2 04.366 psia). p r e s su re ,  9.9084 ~ / r m '  (14.371 psia) .  

Super-rake 

s tat ion 

1 
3 

5 

7 

9 

11 

1 3  

15  

17 

19 
21 

23  

25 
27 

29 

31 

33 

35 
37 

39 

41  

43  

45 
47 

49 
51 

5 3  

55 

57 

59 

61 

63 

65 

67 
69 

7 1  

7 3  

7 5  

77 
79 

8 1  

8 3  
85 

Super-rake 

station 

1 

11 

1 3  
15  

17 

19 

21 

23  

25 
27 

29 

31 

33 

35 
37 

39 

41  
43  

45 
47 

49 

51 
5 3  

55 

57 

59 

61 

63 

6 5  

67 

69 

7 1  
7 3  

7 5  
77 

79 

8 1  

8 3  
8 5  

Total 

p r e s su re ,  
N/cm2 

9.9084 

9.9084 

3.9077 
9.9084 

9.9091 

9,9084 

9.9084 

9.9084 

9.9077 

9.9077 

9.11070 
9.9070 

9.9056 

9.9228 
10.232 

10.861 

10,958 

10.841 

10.603 

10.507 
10.438 

10.337 

10.441 
10.496 

10.550 

10.599 
10.755 

10.991 

11.027 

10.667 

10,021 

9.9125 

9.9125 

9.9118 

9.9118 

9.9118 
9.9084 

Super-rake 

s tat ion 

1 

3 
5 

'/ 

9 

11  

13  
15 

17 
19 

21 

23  

25 
27 

29 

31 

33 
35 

37 
39 

41  

43 

45 
47 

49 

51 
53 

55 

57 

59 

61 

6 3  
65 

67 

69 

71 

7 3  

75  
77 

79 

81  

83  

85 

Stream 

s t a t i c  
p re s su re .  

N/crn2 

9.9084 

9.9077 

9.9077 
9.9077 

9.9084 

9,9077 

1 
9.9063 
9,9049 

9.8966 

9.8966 
9.9222 

9.9477 

9.9732 

9.9766 

9.9780 
9.9794 

9.9301 
9.9773 

9.9780 

9.9787 
9.9794 

9.9787 

9.9739 

9,9304 

9.9125 

9,8980 

9,9022 

9.9070 

9.9111 

9.9118 
9.9118 

9.9984 

Total 

p r e s su re ,  

N/cm2 

9.9049 

1 '  
9.9056 

9.9035 

9.9035 

9.9022 

9.9022 
9.9166 

9.9890 

10,101 
10.335 

10.683 

10.852 

10.756 

10,601 
10.518 

10.458 

10.398 
10.467 

10.535 
10.603 

10.669 

10.811 

10.917 

10.756 

10.430 

10.125 

9.9780 
9.9180 

9.9063 

9.9070 

9.9063 
9.9063 

9.9063 

9.9063 
9.9070 

9,9077 

9.9070 

9.9070 

Mach 
number 

0 

I 
,0142 

0 

,0191 
,0392 

,0519 

,0817 

,0913 
,1270 

,1338 

,2030 

,2418 
,2636 

,2909 

,3066 

,2994 
,2870 

,2726 

,2593 

,2824 
,288.1 
.3131 

.3207 
,3214 

,3163 

,2920 

,270E 

,2147 

. I944 
,1333 

,1004 

,0719 

,0377 

,0333 
,0386 

,0294 
.02GO 

,0194 

0 
,0152 

Velocity. 

m/sec 

0 
1.833 

0 
3.262 

3.589 

3.348 

3.590 

3.176 

1 
2.700 
3.668 

21.06 
75.22 

123.8 

128.4 

119.4 

105.3 
113.7 

125.1 

120.2 
130.5 

1 3 . 9  
141.6 

137.5 

142.0 

147.5 

134.5 

112.0 

46.23 

13.38 

9.723 

4.109 

0 

I 

Total 

temperature,  
K 

291.7 

1 
291.8 

29!.8 

291.9 

292.0 
293.4 

297.5 

299.3 

301.2 

301.2 
320.4 

439.6 

609.4 
633.3 

657.0 
658.9 

632.0 
550.8 

473.6 

396.5 

311.0 

301.3 

300.6 

298.5 

296.4 

293.0 
292.3 

292.6 

292.5 

292.G 

292.6 
292.3 

292.2 

292.2 

292.2 

Stream 

static 

pres su re .  
N/cm2 

9.9042 

9.9042 

9.9042 

9.9035 
9.9035 

9.9035 
9.9028 

9.8987 

9.8891 

9.8794 
9.8739 

9.8787 

9.9070 

9.9353 
9.9635 

9.9704 
9.9739 

9.9766 

9.9780 
9.9712 
9.9739 
9.9739 

9.9745 

9.9690 
9.9546 

9.9187 

9.8856 

9.8760 
9.8829 

9.8898 
9.8966 

9.9015 

9.9028 

9.9028 

9.9028 
8.9042 

9.9042 

9.9019 

9.9049 

9.9019 

Total 

temperature,  
K 

292.4 
292.3 

292.4 
292.3 

292.3 
292.3 

292.5 

292.5 

292.4 

292.5 

293.0 
293.7 

294.8 

296.2 

298.4 
299.7 

301.0 

309.5 
354.7 

456.3 

571.1 
611.1 

651.8 

639.3 

564.6 

483.1 

429.4 

J75.7 
318.6 

302.4 
298.6 

297.7 

296.8 
294.8 

293.3 
292.9 

292.5 
292.5 

292.5 

232.3 

292.1 

292.1 

292.1 

Total 

p r e s su re ,  

N/cm2 

9.9077 

9.9084 

9,9070 

9.9063 

9.9084 
9.9056 

9.9022 

9.9077 

9.9132 

9.9353 

9.9449 
9.9877 

10.032 

10.163 
10.290 

10.386 

10.512 

10.598 
10.583 

10.534 

10.487 

10.436 
10.497 

10.558 
10.620 

10.632 

10.659 

10.635 
10.524 

10.432 

10.231 

10.169 

10.926 

9.9704 
9.9401 

9.9118 

9.9104 

9.9125 
9.9097 

9.9091 

9.9084 

9.9070 

9,9097 

Velocity, 

m / s s c  

i 
1.872 
0 

6.562 
13.51 

17.86 

28.16 

31.52 
43.88 

53.24 

70.40 

84.20 
92.17 

102.1 
110.2 

112.5 
115.4 

118.9 

119.8 
137.2 

142.9 

141.7 
135.5 

128.7 

119.4 

106.2 

96.11 

72.29 

67.94 
46.48 

34.86 

25.95 
13.02 

12.20 

13 .32  
10.11 

8.933 
6.680 

0 

5.202 

Mach 
number 

0 
,0054 

O 

,0095 

,0105 

.0098 

,0105 
,0093 

! 
,0079 

,0107 

.0614 
,2187 

,3620 

,3745 

,3476 
,2963 
,2736 

,2569 

.2422 
,2586 

,2729 
,2862 

,2968 

.3304 
,3758 

,3463 

,3255 

. I333  

,0386 
,0282 

,0120 

0 

I 

Mach 

number 

0 
0 

0 

0 

.0072 

,0114 

,0153 
0 

0 

0 

,0209 
,0624 

. I254  

,1808 
,2550 

,3303 

.3576 
,3326 

,2977 

,2778 

,2626 

,2460 
.2666 
,2837 

.2994 

.3132 

.3431 
,3662 

,3425 

,2781 

,1890 
,1172 

,0639 

.OX3  
,0274 

.0226 

.0228 

, 0223  
,0188 

,0200 

.0213 

,0163 

,0170 

S t r eam 
~ t a t l c  

p re s su re .  
N/crn2 

9.9084 

9.9084 
9.9077 

9.9070 

9.0070 

9.9063 

9.9001 
9,8966 

9.8946 

9.8891 

9,8870 

9,8760 
9.R684 

9.8753 

9.8808 
9.8973 

9.9139 

9.9304 

9.9470 
9.9559 

9.9642 

9.9656 
9.9422 

9.9366 
9,9304 

9.9242 

9.9255 

9.9242 

9.9201 
9.9139 

9.9077 

9.9049 

9.9028 

9.9001 

9.9008 
9.9022 

9,9015 

9.9022 

9.9035 

9.9049 

9 ,9063  

9.9070 
9.9077 

Vslocity, 

m/sec 

1.499 
0 

0 

0 

2.485 

3.894 

5.246 
0 

0 

0 

7.155 
21.42 

43.08 

62.13 
87.69 

113.3 

122.7 

115.9 

111.2 
117.6 

124.0 

120.0 

134.0 
141.1 
140.2 

136.0 
140.5 

140.2 

121.0 

96.16 

65.20 
40.45 

22.04 

12.50 

9.404 
7.758 

7.825 

7.650 

6.447 

6.867 
7.300 

5.634 
5.850 

Total 

temperature.  
K 

294.0 

293.9 

294.0 
294.0 

294.2 

294.4 

294.9 
295.2 

295.8 

296.4 
297.4 

298.4 

299.8 

302.1 
305.8 

209.2 

312.7 

328.4 
358.9 

411.7 
484.4 
546.1 

608.4 

591.0 
526.2 

456.9 

409.8 
362.7 

335.5 

318.4 

309.1 
306.8 

304.5 

301.2 

299.2 
297.5 

296.9 

296.1 

295.4 
294.6 

294.1 

293.8 
293.5 





TABLE XLI. - Continued. 

(9) Reading 010/018; data at  62 c m  (2.0 it) aft of station 18; fan speed. F) Read~ng 010/011; data a t  152 cm (5.0 ft) aft of  station 18; fan speed. (1) R e a d ~ n g  010/004i data at  305 cm (10.0 ft) aft of station 18; fan speed. 
5140 rpm; inlet a i r  temperature. 291.6 K (524.8' R); barometric  5738 rpm; inlet a i r  temperature,  292.1 K ( 3 ~ 5 . 8 ~  R); barometric  5636 rpm; inlet alr temperature. 293.1 K (527.6° R); barometric  
pressure.  9.9084 N/cm2 (14.371 psia). pressure. 9.9049 N/cm2 (14.366 psis), pressure.  9.9084 N/cm2 (14.371 psia). 

Super-rake 
station 

1 

3 

5 

I 

11 
13  

15 
17 

19 

21 
23 

25 

27 

29 

31 

33 
35 

37 
39 

41 
43 

45 

47 

49 
51 

53 

55 

51 
59 

61  

63  
65 

67 
69 

71  
1 3  

1 5  

I1 
79 

8 1  

8 3  
85  

Velocity, 

m/sec 

1 
1.299 

42.08 

125.7 

194.8 

196.1 

118.0 
162.2 

167.3 

210.1 

206.8 

230.0 
236.8 

252.7 

216.2 

216.4 

20L.l 
168.2 

10.28 

20.69 
16.64 

8.436 

4.108 
5.908 

5.410 

5.913 

4.863 

4.850 
3.148 

1.499 

5.509 

Total 

temperature,  
K 

Super-rake 

station 

1 

3 

5 

I 
9 

11 

1 3  
15 

11 
19 

21 
23 
25 

27 

29 

31 

33  
35 

37 
39 

41 
43 

45 

41 
49 

51 

5 3  

55 
51 

59 

61  

63  
65 

67 
69 

71  

1 3  

1 5  

17  
79 

8 1  
8 3  

85  

Total 

pressure,  
N/cm2 

9.9084 

9.9084 
9.9071 

9,9084 

9.9071 9.9084 

I 
9.9070 

9.9010 

9.9063 
9.9042 

9.9180 

10.814 

12.384 

12.469 

12.067 

11.539 

11.419 

11.335 
11.291 

11.382 
11.473 

11.564 

11.746 

11.972 
12.548 
12.618 

11.636 

10.145 
9.9049 
9.9098 

9.9111 

9.9104 

9.9118 

9.9118 

9.9118 

9.9111 

1 
9.9118 

Total 

temperature,  

K 

291.4 

, . 6  
291.6 

291.6 

291.6 

291.8 
291.9 

292.0 

296.0 
396.2 

310.3 

314.4 

314.0 

341.0 
503.5 

615.6 
128.9 

183.3 

779.0 
126.1 

151.0 

488.3 
383.3 

315.4 

314.2 
311.8 

306.4 

301.1 
294.0 

292.9 

293.1 
293.1 

293.1 

293.2 

292.8 

292.6 

292.6 
292.6 

Stream 
stat lc  

p res su re .  

t i /em2 

h p e r - r a e  

station 

Total 

pressure.  
N/cm2 

9.9017 

9.9056 

9.9091 

9.9063 
9.9063 

9.9049 

9.9071 
9.9422 
9.9339 

10.004 

10.086 

10.146 
10.214 

10.651 

10.841 

11.089 

11.309 
11.591 

11.616 
11.513 

11.390 
11.318 

11.421 

11.524 
11.626 

11.121 

11.707 

11.656 

11.369 
11.085 

10.116 

10.483 
10.129 

10.094 
9.9801 

9.9201 

9.9167 

9.8913 

9.9035 

9.9028 
9.8994 

9.8994 

9.9035 

Stream 

stat ic  

pressure.  

N/em2 

9.9084 

1 
9.9077 

9.9017 
9.9017 

9.9010 

9.9063 

9.9015 

9.8146 
9.8725 

9.9401 

10.008 

10.015 

10.086 

10.092 

10.097 
10.095 

10.100 

10.099 
10.099 

10.099 

10.092 
10.077 

10.016 

9.9111 
9.8677 

9.8808 
9.8939 

9.9010 

9.9097 

1 
9.9104 

9.9104 

9.9091 

M a c h  

number 

0 

v 
.0213 

.I223 

.3633 

.5699 

.5698 

.5146 

.4432 

.4260 

.4148 

.4089 

.4232 

.4375 

, 4 5 0 5 2 3 5 . 6  

.4165 

.SO23 

.5695 

,5844 

.4846 

.I995 

.0591 

.0419 

.0246 

.0120 

.0172 

.0158 

.0113 

.a142 

.0142 

.0109 

.0044 

.0161 

Total 

p res su re ,  

N/cm2 

1 9.9035 9.9056 292.6 

3 9.9035 9.9049 

Velocity. 

m/sec 

0 

0 
8.163 

3.100 
6.383 

11.90 
19.43 

32.28 

32.64 

49.04 

59.11 

72.18 
91.20 

117.6 
129.1 

144.1 
154.6 

110.5 

119.0 
181.8 

198.1 
206.9 

227.4 

233.0 
226.0 

215.2 

200.8 

181.5 
165.5 

146.5 

128.1 

101.6 
11.69 
65.20 

45.48 

28.35 

14.20 

9.114 

10.30 
5.944 

0 

0 
0 

Mach 

number 
Stream 
stat ic  

pressure. 
N/cm2 

9.9077 

9.9084 

9.9063 

9.905% 
9.9035 

9.8966 

9.8856 
9.8113 

9.8118 
9.8835 

9.8594 

9.8442 
9.8312 

9.8470 

9.8615 

9.8187 

9.9113 

9.9628 

10.003 
10,030 

10.044 
10,050 

10.060 

10.059 

10,046 

10.038 
10.023 

9.9152 

9.9159 

9.8636 

9.8249 

9.8236 
9.8394 

9.8511 

9.8615 
9.8739 

9.8842 

9.8925 

9.8913 

9.9008 

9.9035 

9.9035 
9.9063 

7 
9 

11 
1 3  
1 5  

11 

19  

2 1  
23 

2 5  

27 
29 

31 

33  

35 

31 

39 
4 1  

4 3  

45  
47 

49 

5 1  

5 3  
55 

57 

59 
61  

6 3  

6 5  
67 
69 

7 1  
1 3  

I S  

77 
1 9  

8 1  

8 3  

8 5  

Velocity. 

m/sec 
Total  

temperature,  
K 

293 .9  

294.0 

294.0 

294.2 
294.6 

295.0 

295.1 
296.5 

291.4 
298.6 

300.6 

302.3 
304.9 

308.4 

313.1 

318.4 
323.2 

341.9 

381.4 
454.4 

5 5 3 . 3  

637.8 
122.2 

708 .9  

621.1 

532.0 
461.9 

402.0 

355.6 
330.6 

316.7 

313.4 

310.1 
305.0 

302.3 

300.5 
298.5 

295.9 

295.1 

295.1 

294.2 
293.7 

293.3 

9.9035 

9.9049 
9.9049 
9.9028 

9.9035 
9.9022 

9.9035 

9.9035 
9.9610 

10.046 
10.462 

11.089 

11.888 

12.233 

11.908 

11.566 

11.466 
1 1 . 3 6  

11.302 

11.432 
11.562 

11.693 

11.815 
12.084 

12.428 

12.052 
11.227 

10.484 

10.111 

9.9318 
9.6913 
9.8913 

9.8994 

9.8994 

9.9015 

9.9015 
9.9022 

9.8994 

9.9015 

9.9049 

Mach 

number 

0 

0 

.0238 

,0090 
.0186 

.0346 

.0564 
,0967 

,0946 
.I420 

.I124 

.2082 

.2625 

. 3 3 9  

.3701 

.4101 

. 4 3 7  

,4707 

.4679 

.4498 

.4308 

.4201 

.4356 

.4510 

.4664 
,4789 

.4183 

.4179 

.4470 
,4092 

,3660 

.3063 

.2040 
.I810 

.I308 

.0817 
,0411 

.0264 

.0299 

.0113 

0 

0 
0 

9.9049 

9.9049 
9.9042 
9.9028 

9.9022 

9.9008 

9.8960 

9.8870 

9.8718 
9.8411 

9.8318 

9.8463 
9.9113 

0.9884 

10.059 

10.075 

10.083 
10.088 

10.090 
10.096 

10.094 

10.092 
10.090 

10.012 

10.037 

9.9484 
9.8532 
9.8249 

9.8456 

9.8670 
9.8804 
9.8973 

9.9008 
9.9015 

9.9022 

9.9035 
9.9042 

9.9035 
9.9042 

9.9049 

292.6 
292.4 

292.6 
292.5 

292.6 

293.0 

294.0 
298.2 

298.9 

302.6 

307.8 

310.3 

312.8 

323.6 

588.0 
525.4 

668.7 

124.9 
181.4 

151.5 

650.6 
606.3 

508.0 

386.4 
320.8 

312.1 

301.2 
305.0 

302.8 
298.5 

295.4 
293.9 

292.8 

292.6 

292.4 
292.3 

292.1 

292.0 
292.1 

.0076 

0 
,0147 

.0155 

.0335 

.0492 

.1110 

.I691 

.2994 

.4159 

.5169 

.5466 

.4913 

.4492 

.4352 

,4227 
.4114 

.4317 

.4514 

.4686 

.4847 

.5194 
,5620 

.5346 

.4361 

. a 6 2  

.1955 

.0969 

.0357 
0 

v 

2.596 
0 

5.028 

5.301 
11.50 

16.92 

40.21 
58.40 

103.4 

143.7 

177.4 
188.1 

174.9 

113.6 

196.2 

213.0 
215.6 

234.1 

239.8 
232.2 

231.9 

227.5 

214.4 
185.6 
151.5 

106.5 

68.12 
33.65 

12.37 
0 

f 



TABLE XII. - Concluded. 

(j) Reading 010/014; data  a t  152 cm (5.0 ft) aft of station 18; fan speed, &) Reading 010/007; data at  305 cm (10.0 ft) aft of station 18; fan speed, 

7210 rpm; inlet a i r  temperature, 292.3 K (526. lo R); barometr ic  7204 rpm; inlet a ir  temperature, 293.9 K (529.1' R); barometric 

pressure,  9.9049 N/cm2 (14.366 psia). pressure,  9.9084 N/cm2 (14.371 psia). 

Super-rake 

station 

1 

3 

5 

7 

9 

11 

13 

15 

17 

19 

2 1 

23 

25 

27 

29 

31 

33 

35 

37 

39 

41 

43 

45 

47 

49 

51 

53 

55 

57 

59 

61 

63 

65 

67 

69 

71 

73 

75 

77 

79 

81  

8 3 

85 

Total 

pressure,  

N/cm2 

9.9042 

9.9070 

9.9042 

9.9063 

9.9049 

9.9049 

9.9042 

9.9008 

9.8953 

9.9104 

9.8849 

9.9525 

10.337 

10.848 

11.949 

12.998 

13.126 

13.255 

13.187 

12.952 

12.790 

12.720 

12.842 

12.964 

13.086 

13.268 

13.598 

13.667 

13.267 

12.338 

11,118 

10.292 

10.019 

9.9504 

9.8963 

9.8932 

9.8987 

9.9042 

9.9042 

9.9077 

9.9063 

9.9070 

9.9070 

Super-rake 

station 

1 

3 

5 

7 

9 

11 

1 3  

15  

17 

19 

21 

23  

25 

27 

29 

31 

33 

35 

37 

39 

41 

43  

45 

47 

49 

51 

53 

55 

57 

59 

6 1  

63 

65 

67 

69 

7 1  

7 3  

7 5 

77 

7 9 

8 1 

8 3 

8 5 

Stream 

stat ic  

pressure,  

N/cm2 

9.9084 

9.9049 

9.8870 

9.8877 

9.8966 

9.8835 

9.8636 

9.8601 

9.8408 

9.8070 

9.7976 

9.7594 

9.7256 

9.7450 

9.7834 

9.8525 

9.9208 

9.9890 

10.052 

10.095 

10.131 

10.158 

10.176 

10.152 

10.129 

10.107 

10.040 

9.9663 

9.8994 

9.8367 

9.7980 

1 
9.8305 

9.8374 

9.8553 

9.8760 

9.8842 

9.8932 

9.9001 

9.9042 

9.9070 

Total 

pressure,  

N/cm2 

9.9035 

9.9042 

9.9028 

9.9022 

9.9098 

9.9580 

9.9552 

9.9939 

10.010 

10.124 

10.288 

10.448 

10.803 

11.060 

11.391 

11.966 

12.495 

12.703 

12.926 

12.932 

12.916 

12.900 

13.016 

13.133 

13.249 

13.217 

13.101 

12.800 

12.266 

11.753 

11.238 

10.868 

10.520 

10.274 

10.120 

10.005 

9.9546 

9.9098 

9.9132 

9.9028 

9.9008 

9.9042 

9.9111 

Stream 

stat ic  

pressure,  

~ / c r n '  

9.9028 

9.9028 

9.9077 

9.9056 

9.9022 

9.9028 

9.9028 

9.8987 

9.8891 

9.8725 

9.8504 

9.7863 

9.7284 

9.7277 

9.7629 

9.9015 

10.039 

10.178 

10.219 

10.260 

10.294 

10.305 

10.313 

10.301 

10.289 

10.276 

10.214 

10.099 

9.9456 

9.7650 

9.6733 

9.7277 

9.7822 

9.8360 

9.8711 

9.8849 

9.8925 

9.8953 

9.8987 

9.9008 

9.9001 

9.9008 
9.9022 

Total 

temperature, 

K 

294.1 

294.4 

295.1 

295.9 

297.2 

298.4 

300.2 

302.4 

305.2 

308.3 

312.8 

317.2 

324.4 

334.5 

348.9 

360.1 

371.4 

409.0 

463.2 

536.8 

621.7 

687.8 

753.9 

747.5 

670.6 

573.5 

499.0 

424.5 

383.2 

356.3 

339.1 

333.4 

327.7 

319.3 

313.0 

309.1 

305.9 

303.5 

301.0 

299.0 

257.2 

296.0 

294.8 

Total 

temperature. 

K 

292.2 

l o  
292.4 

292.6 

293.0 

294.2 

296.1 

299.2 

304.2 

311.6 

321.2 

330.3 

339.4 

393.1 

522.6 

701.9 

835.6 

862.8 

892.7 

877.5 

782.9 

645.8 

541.8 

437.7 

360.8 

331.5 

320.0 

316.1 

312.2 

305.2 

300.4 

298.2 

295.5 

292.8 

292.4 

293.0 

292.7 

292.6 

292.5 

Mach 
number 

0 

0 

.0481 

.0454 

.0435 

.lo37 

. I153 

.I390 

.I563 

.2137 

.2655 

.3139 

.3905 

.4295 

.4716 

.5350 

.5847 

.5976 

.6125 

.6093 

.6049 

.6013 
.6124 

.6266 

.I5385 

.6358 

.6316 

.6104 

.5630 

.5113 

.4474 

.3882 

.3207 

.2612 

.2042 

.I555 

.I199 

.0698 

.0647 

.0379 

.0118 

0 

.0251 

Mach 
number 

C.0169 

.0228 

.0100 

.0192 

.0174 

.0145 

.0162 

.0305 

:0742 

.0707 

. I553 

.2961 

.3979 

.5455 

.6366 

.6317 

.6273 

.6181 

.5939 

.5753 

.5670 

.5792 

.5933 

.6055 

.6216 

.6570 

.6740 

.6556 

.5883 

.4508 

.2852 

.I852 

.I286 

.0590 

.0353 

.0309 

.0360 

.0267 

.0319 

.0288 

.0307 

.0266 

Velocity, 

m/sec 

0 

0 

16.56 

15.65 

15.02 

35.86 

39.98 

48.33 

54.56 

74.81 

93.42 

110.9 

138.8 

154.5 

172.6 

197.7 

218.2 

233.6 

254.0 

271.6 

287.5 

302.3 

321.3 

345.7 

315.8 

291.8 

271.1 

242.6 

213.9 

188.4 

161.8 

139.8 

114.8 

92.88 

72.07 

54.63 

41.96 

24.32 

22.49 

13.13 

4.069 

0 

8.645 

Velocity, 

m/sec 

5.803 

O 

7.821 

3.433 

6.574 

5.946 

4.971 

5.560 

10.48 

25.50 

24.36 

53.70 

102.6 

138.6 

190.2 

222.8 

224.3 

239.7 

271.7 

301.7 

318.2 

318.6 

330.6 

335.4 

323.7 

302.5 

292.6 

270.0 

239.3 

207.5 

158.3 

100.7 

65.32 

44.92 

20.46 

12.22 

10.63 

12.34 

9.165 

10.95 

9.889 

10.52 

9.117 



TABLE Xm. - SUPER-RAKE J E T  PLUME DATA mR URGER-EXHAUST-K)ZZLE CONFLUENT-FLOW CONTICURATION (C-5) 

[ ~ a t a  a t  152 c m  (5.0 It) aft of statlon 18; bammet r l c  pressure.  9.9256 N/em2 04.396 psla).] 

(a) Reading b10/022; fan speed, 4577 rpm; inlet air temperature.  (b) Readlng 010/024; fan speed. 6469 rpm; lnalr  alr temperature,  (cl Readlng 010/0271 fan speed. 7578 rpm; lnlet air temperature. 

291.4 K (524.5' R). 291.1 K (524' R). 290.9 K (523.7' R). 

Super-rake 
stat lon 

1 
3 

5 

7 

9 

11 

1 3  
15 

17 

IS 
21 

23 

25 
27 

29 

31 

33 

35 

37 
39 

41 

43 

45 
47 

49 
51 

5 3  

55 

57 
59 

61  

63 
65 

67 

69 
71  

7 3  

75 

77 

79 

8 1  

8 3  

65  - 

Total 

p res su re ,  
N/cm2 

9.9249 
9.9249 

9.9249 

9.9242 

9.9256 

9.9242 

9.9180 

9.9187 
9.9180 

9.9180 

9.9200 

9.9539 
10.026 

10.199 

10.608 

10.984 
11.280 

11.092 

10.727 

10.521 

10.443 
10.381 
10.429 

10.476 

10.523 
10.564 

10.745 

11.087 

11.240 
11.032 

10.588 

10.217 
10.021 

9.5180 
9.9291 

8.9277 

9.9297 

9.9284 

9.9297 

9.9284 

9.9291 
9.9291 

9.9297 

Total 

temperature,  
K 

292.9 

1 :  
292.1 

1 
292.2 

292.4 

293.6 
296.3 

299.9 

304.5 

310.6 
313.3 

316.0 

327.0 

393.1 
527.6 

657.8 
730.0 

802.4 
799.2 

752.8 

754.8 

671.1 
492.2 

362.6 
322.5 

316.0 
313.4 
310.9 

304.3 

299.4 

269.8 
294.1 

293.6 

293.1 
292.7 

292.4 
292.6 

292.4 

Mach 
number 

0 

.0116 

9 

,0188 

.0076 

.0148 

.0214 

.0286 

.0376 

.I167 

,2115 
.3475 

.4601 

.5698 

.5949 

.5172 

.4398 

.4076 

.3945 

,3924 

.3970 

.4023 

.4306 

.4676 

,5495 
.5931 

.5560 

.4516 

. a 9 6  

.I924 

.0992 

.0437 

.0299 

.0147 

0 

.0105 
0 

0 

0 

.0087 

& p e r r a k e  

statlon 

1 

3 
5 

7 

9 

11 
1 3  

15 
17 

19 

21 

23 
25 

27 

29 

31 
33 

35 

37 
39 

41 

43 

45 
47 

49 
51 

53 

55 
57 

59 

61 

63  

65 
67 

63 

71 
73  

75 

77 

79 

81 
8 3  

85  

Super-rake 

stat lon 

1 

3 

5 

7 
9 

11 
1 3  

1 5  
17 

19  

21 
23 

25 

27 
29 

31 

33 

35 

37 
39 

41 
43 
45 

47 

49 
51  

53 

55 
57 

59 

61  

63  

65  

67 
69 

7 1  
7 3  

75 

77 
79 

8 1  
8 3  

85  

Velocity. 

m/sec 

0 

3.962 

0 
0 

0 

6.442 
2.595 

5.080 
7.340 

9.799 

12.92 

40.18 

73.06 

120.0 
159.1 

195.7 
204.7 

182.5 

171.2 
183.6 

197.7 

206.5 
218.5 

. 4 0 0 0 2 1 9 . 7  

219.1 
229.7 

235.2 

236.4 

218.6 
194.1 

157.6 
108.7 

67.67 

34.63 

15.15 

10.32 
5.042 

0 
3.598 

0 

0 
0 

2.998 

Total 

p r e s n u n ,  

N/cm2 

9.9270 

9.9263 

9.9263 
9.9270 

9.9263 

9.9277 

9.9277 

9.9263 
9.9235 

9.9249 

9.9249 

10.011 
10.304 

11.018 
12.124 

13.292 

13.331 

12.681 

12.415 
12.171 

12.095 
11.916 

11.979 
12.042 

12.106 

12.257 
12.539 

13.066 

13.645 

13.145 

11.808 
10.838 

10.243 

9.9966 

9.9332 

9.9291 
9.9297 

9.9297 

9.9270 

9.9297 

9.9304 
9.9297 

9.9291 

Stream 

stnt lc  

pressure.  

N/cm2 

9.9256 
9.9256 

9.9249 
9.9242 

9.9249 

9.9242 

9.9235 

9.9242 
9.9235 

9.9215 

9.9173 
9.9034 

9.8939 

9.8870 
9.9008 

9.9346 

9.9684 

10.002 

10.008 

10.008 

10.007 
10,007 

9.9952 

1 
10.002 
9.9973 

9.9753 
9.9325 

9.8980 

9.8994 

9.9008 

9.9022 

9.9132 

9.9180 

9.9194 

9.9201 

9.9194 

9.9208 

9,9208 
9.9201 

9.9229 

Veloclty, 

m / s e c  

7.222 

8.668 
9.232 

8.892 

8.304 

10.59 

10.72 

10.38 
10.16 

16.22 

23.11 
50.35 

89.58 

141.0 
109.3 
226.2 

225.5 

212.1 

236.0 
264.4 

286.6 
275.6 

281.9 
286.9 

285.4 

280.0 

277.5 
280.5 

264.5 
227.9 

181.2 
130.9 

82.01 

46.87 

23.29 

16.18 

12.13 
9.677 

6.453 

9.856 
6.453 

8.273 

8.620 

S t ream 
stat lc  

pressure.  

~ / c m '  

9.9236 

9.9215 
9.9215 

9.9222 

9.9222 

9.9208 

9.9208 

9.9201 
9.9173 

9.9091 

9.8932 

9.8642 

9.8387 

9.8387 
9.8960 

9.9911 

10.086 

10.181 

10.197 
10.210 

10.219 

10.222 
10,226 
10.224 

10.221 

10.219 

10.206 
10,190 

10.119 
9.9856 

9.8656 
9.8684 

9.8711 

9.8739 
9.9022 

9.9134 
9.9208 

9.9242 

9.9242 

9.9242 

9.9249 
9.9256 

9.9256 

Total 

pressure.  

N/cm2 

9.9249 

9.9256 

9.9242 
9.9256 

9.9235 

9.9270 

9.9249 

9.9249 

9.9228 

9.9228 
9.9173 

9.9759 

10.163 
10.706 

11.424 
12.405 

12.739 

12.125 

11.550 

11.331 

11.238 
11.217 

11.237 
11.195 
11.276 

11.455 

11.713 
12.390 

12.772 
12.293 

11.357 

10.558 
10.142 

9.9559 

9.9242 

9.9270 

9.9263 

9.9256 
9.9270 

9.9263 

9.9270 
9.9263 

9.9270 

Total 

temperature, 

K 

292.3 

1 
292.4 

292.3 

292.3 

292.3 

292.4 

293.0 

294.0 
295.5 

297.5 

300.3 

301.7 
303.1 

308.8 

344.1 

459.3 
625.0 

654.4 

684.3 
684.9 

672.7 
606.7 

553.3 

466.1 
350.0 

309.4 

303.4 

302.3 

301.1 

291.8 

295.5 

294.4 

293.3 

293.2 

293.0 
292.7 

292.5 

292.6 

292.6 

Stream 

stntle 

pressure.  
N/cm2 

9.9256 

9.9249 
9.9249 

9.9256 

9.9249 

9.9249 

9.9242 
9.9235 

9.9201 

9.9173 

9.9077 

9.8815 

9.8511 
9.8491 

9.8829 

9.9573 

10.032 

10.106 

10.118 
10.119 

10.119 

10.117 
10.116 
10,118 

10.119 

10.121 
10.117 

10.110 

10.073 
9.9677 

9.8760 

9.8801 

9.8842 

9.8877 

9.9111 

9.9208 
9.9249 

9.9256 
9.9256 

9.9270 

9.9270 
9.9263 

9.9263 

Total 

temperature,  
K 

292.0 

1 
292.1 

292.1 

292.2 
292.2 

292.3 

292.8 

293.5 

299.0 

304.1 

311.1 
319.9 

325.2 

330.5 

368.2 

506.7 
109.7 

867.6 

880.4 

893.3 
894.9 
857.7 

168.9 

669.4 

570.2 
452.2 

342.0 

326.3 
322.5 

318.7 

309.5 

302.3 

298.5 

294.6 

293.8 

293.0 
292.4 

292.0 
292.1 

291.9 

Mach 
number 

0.0211 

.0253 

.0270 

.0260 

.0244 

.0309 

.0313 

.0303 

.0291 

.0473 

.0674 

.I456 

,2580 
.4057 

.5469 

.6525 

.6446 

.5698 

.5406 

.5139 

.SO59 

.4821 

,4901 
,4987 
.SO67 

.5242 

.5568 

.6113 
,6694 

.6398 

.5137 

,3688 
.2306 

,1332 

,0669 

,0468 

.0353 

.0232 

,0188 
,0288 

.0265 
,0242 

,0251 

Mach 
number 

0 

!.0066 

0 

I 
.0210 
.0805 

.I380 

.2112 
,3158 

.3817 

.4243 

.3875 

.3168 

.2701 

.2503 

,2323 
.2502 

,2633 

,2755 
.2651 

.3239 

. a 9 0  

.4170 

.3118 

.2131 

.I314 

.0846 

.0478 

.0373 

,0381 

.0345 

,0374 
.0340 

.0355 
,9357 

,0305 

Vsloclty. 

m / s w  

0 

!.248 

i 
7.195 

27.62 

47.44 

72.67 

108.6 
130.9 

145.3 

134.4 

116.5 

114.8 
123.4 

117.2 

128.8 
135.3 
140.5 

138.3 

150.1 
165.2 

153.6 

. 3 9 0 5 1 3 5 . 5  

107.6 

73.88 

45.59 
29.25 

16.47 

12.82 
13.06 

11.85 
12.84 
11.62 

12.18 
12.25 

10.47 



Figure L - Artist's sketch of QSRA in approach configuration. 



(a) Cutaway illustration. 
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(b) Side envelope. 

Figure 2. - Lycoming YF-102 turbofan engine. 
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(a) Configuration us ing  basic core nozzle. 
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Figure 4 - Confluent-flow configurations. 
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la) Probes mounted at mixing plane. 

,- Total-pressure sensors 
A 

,.-0.25-cm-diam tubing 
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(b) Probe details. 

Figure 5. - Traversing probe for internal-flow surveys. 



(a) On mounting cart. 

(b) In  position for testing. 

Figure 6. - Super-rake used for external (jet plume) flow surveys. 
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(c) Schematic drawing (al l  dimensions i n  centimeters. ) 

Figure 6. - Concluded. 



Figure 7. - YF-102 engine with basic conf luent-f Iw configuration exhaust system ready for testing 
at Vertical Lift Facility. 
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Figure 8. - Thrust performance for basic confluent-flow configuration (C-1). 
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Figure 9. - Measured gas temperature for basic confluent-flow configuration 
(C-1). 
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Figure l a  - Core-compressor speed for basic conf lulnt- f low con- 
f igurat ion (C-1). 
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Figure 11. - Inlet  airflow for basic confluent-flow configuration IC-1). 
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Figure 12 - Bypass ratio for basic confluent-flow configuration 
(C-1). 
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Figure 13. - Bypass-duct pressure loss for a l l  confluent-flow 
configurations. 
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Lycoming prcgram l a  12 113.25 results 

Figure 14. - Mixing-plane static pressure for basic confluent-flow configura- 
t ion (C-1). (PS16 is a weighted average of static pressures measured by 
instrumentation at stations 6 and 16. ) 
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Figure 15. - Core cowling free-skin temperature for basic confluent-flow con- 
figuration (C-1). 
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Figure 16. - Core cowling ventilating air  incoming pres- 
sure for basic confluent-flow configuration (C-1). 



orrected 
t a n  speed. 

N F I ~  
rpm 

0 L 0, 2 3 4 5 6 7 8 x 1 0 ~  

Corrected fan speed, N F I ~  rpm 

Figure 17. - Thrust performance for shorter-core-nozzle confluent-flow con- 
figuration (C-4). 
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(b) Shorter core nozzle, for confluent-flow configuration C-4. 

Figure 18. - Variation of wall static pressure alon3 nozzle for core 
nozzles i n  confluent-flow configurations C-1, C-4, and C-5. 
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(b) Shorter core nozzle, for confluant-flow configuration C-4. 

Figure 19. - Total-pressure in exit plane of core nozzles for confluent-flow con- 
figurations. (Station-5 data are from rakes. Station-6 data are area-weighted 
average of traverses at 900 and 135O circumferential position.) 
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Figure 20. - Thrust specific fuel consumption for shorter-core-nozzle confluent-flow con- 
f igurat ion (C-4). 
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Figure 21. - T h r u s t  performance for  larger-exhaust-nozzle conf luent- f low con- 
f igurat ion (C-5). 

3 5 x 1 0 ~  r o Experimental data ---  coming program 
la  12 113.25 resu l t s  6 

--- 
3C- Conf igurat ion C-1 data, for  $ performance com2arison /7 
25- 

20 - 

Interstage 
15 - bleed valve: // 

10 - 

o p e n 4  
5 -  p-" ' . ' 

0 L 
3 4 5 6 7 8x!03 

Corrected fan speed, N F I ~ ~ ,  r p m  

F igure  2 2  - T h r u s t  performance of smaller-core-nozzle conf luent- f low conf ig-  
u r a t i o n  (C-6). 
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Figure 23. - Thrus t  performance of basic separate-flow conl igurat ion ('5-1). 
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Figure 2 4  - T h r u s t  performance of smaller-core-nozzle separate-flow config- 
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Figure 25. - Thrust performance of smaller-fan-nozzle separate-flow configura- 
t ion 6-41. 
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Figure 26. - Comparison of standard-day static thrusts at maximum performance rating for a l l  configurations 
tested. 



Figure 27. - Speed match l i nes  for  a l l  conf igurat ions tested. 
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Figure 28. - Typical flow velocities from internal flow surveys. Results shown for basic confluent-flow configuration (C-1). 
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Figure 29. -Variation of static pressure i n  mixing plane. Results shown for basic confluent- 
flow configuration (C-1). . ' 
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Figure 30. - Comparison of experimental and theoretical static pressures i n  exhaust noz- 
zle for confluent-flow configurations. . . 
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Figure 31. - Typical jet-plume velocities from external-flow surveys. Results shown for basic confluent-flow configuration (12-1). 
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